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MEDICAL APPLICATIONS: Hitachi's products are not authorized for use in MEDICAL APPLICATIONS without the 
written consent of the appropriate officer of Hitachi's sales company. Such use includes, but is not limited to, use in life 
support systems. Buyers of Hitachi's products are requested to notify the relevant Hitachi sales offices when planning 
to use the products in MEDICAL APPLICATIONS. | 





INDEX 


General Information 


LCD Driver 


Character Display 
LCD Controller/Driver 


Graphic Display LCD Driver 
for Small System 


Graphic Display LCD Driver 1 
(Negative LCD Power Supply Type) 


Graphic Display LCD Driver 2 
(Positive LCD Power Supply Type) 


Segment Display LCD Controller/Driver 
LCD Controller 
TFT Type LCD Driver 


LCD Module Line Up 


; f 

fe 
H 

d 

i 

4 

i 

F 


Contents 


M@ GENERAL INFORMATION 


HD61604/HD61605 Segment Type LCD Driver -+-+-++++++s+ssesseesseseeetseseseeeeseteeseseseeaeenenensesesenseneens wees 87] 


@ Quick Reference Guide -::::crrsrsreteeseeeeeeneeeeeeeeneeesseeeaeeeneeeaeeseeeeeeseeeenaaeeeeeeeaeneeeeseseaeneeseceseaeaeeeeeesee eee es 9 
@ Type Number Order srsvsscccccccssccccsseessresesssserseeseeseseesesseeseesssssssesesssessessssseseeeeeecccssesceeeeesesssesseauasaneans 13 
@ Selection Guide sede cence eee cesen cern ce eanaseeaee setae esses eases eee senensnsereses sees ; POOTeTrrrerrrrererircrrrrerrrerereerrrrr rrr rere rrr 14 
@ Differences Between Products TIrTTrTrrrrrrrrrrrrrrrrr rr rrr rr rrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr rr rrr rrerr rrr. ery 17 
COS ool 'e-1--08 (900) ore (4(0) | Cc 24 
@ Notes on Mounting cvvccccccceccseeeessessceesceeeeeeesessseeceeeseneeeeeeeeeeeeeeeeeeeeseeeseeeeeeeseenesseasesaecaesaneaeseneeeee eens 31 
@. “The Tnforiiabiot- of VCP siseese ee esesea tresses cas ctcaceanch ease yen scren cc eayaw east chalevincaan chenanatdeeaidn slapny eeaseaasenn te sous 38 
@ Chip Shipment Products -ccccccccccccccceceeseeeteteseeeeestessesssssneeeeeeteeeeeneesnsessensssesseeeeecceeseeeeeesseeereerenseseees 100 
@ Reliability and Quality Assurance ::+ree-etsrrrrrretteteeeeettteteceeeaeeettereneeneaetseeseneesneesesseeeeeeeesesseeaeeeeseneneeees 123 
© Reliability Test Data of LCD Drivers Perr rrr rrr rrr rrr rr rrr rrr rrr re rrr rrr rrr rr rrr rrr rrr errr reer rer eee reer eee eer ee ee eee eee ee 130 
@ Flat Plastic Package (QFP) Mounting Methods crrcssersssccsesseressssseeeeeeeetseeenenseeseseeeaettsssesenenatseeseaeaeees 134 
@ Liquid Crystal Driving Methods--:-:+sseesssssseesseeeeeeeeteseteeenssssteesesersnsnsereenceceesececeeceseeceeeseeeseeseeasennanenes 137 
DATA SHEETS 
@ LCD Driver 
HD44100R LCD Driver with 40-Channel Outputs Deena eee reece cere en eceen etna reer neers ese ee essere seen sere eeeesees sess ens 151 
HD66100F LCD Driver with 80-Channel Outputs a:0'0'0/0:06 6:6 S100 000.066.0000 6 esos eee eee eee once ee ereeessencceeceseeeessecsaaace 161 
HD61100A LCD Driver with 80-Channel Outputs ere rrr rr errr rr errr er rrr ee eee er eee ee er ee rer ee ee 174 
HD61200 LCD Driver with 80-Channel Outputs -trrrssererereeeeeeeee eee oeteneaeeeeeseeeeeee eres sheen sdiaawieewnties 186 
® Character Display LCD Controller/Driver | | 
HD43160AH Controller with Built-in Character Generator Cece cee c emcee cet cere cette eee eee e een eee ese resesssensesees 199 
HD44780U LCD-II Dot Matrix Liquid Crystal Display Controller/Driver --+:++++:ersertreeseeeest eee reeeeeeeeeeees 214 
HD66702 LCD-II/E20 Dot Matrix Liquid Crystal Display Controller/Driver -csss+srssscesesereert etre ee ee seen es 273 
HD66710 LCD-II/F8 Dot Matrix Liquid Crystal Display Controller/Driver ::+:+::::ererrsertetet ee eeeeeeeeeteses 334 
HD66712 LCD-II/F12 Dot Matrix Liquid Crystal Display Controller/Driver -crrsrsssrrrsrss street ee ee ter eee es 411 
@ Graphic Display LCD Driver for Small System 
HD44102 Dot Matrix Liquid Crystal Graphic Display Column Driver :ess+rsrrstrereesr sere esses eee e ree seteeees 489 
HD44103 Dot Matrix Liquid Crystal Graphic Display Common Driver :::::- set eneveeveescsaevenccrcececeens 511 
HD44105 © Dot Matrix Liquid Crystal Graphic Display Common Driver --:-- steeeenesereneseeceescccsacsenes 519 
HD61102 Dot Matrix Liquid Crystal Graphic Display Column Driver -+:++:+++:+serersetereetteee ese e sees ee ees 528 
HD61103A Dot Matrix Liquid Crystal Graphic Display Common Driver -vrrrs+rrrressrres eres sees reese eeeees 956 
HD61202 Dot Matrix Liquid Crystal Graphic Display Column Driver :-+-+++++++++sseeresreeeeeeereeeeeeeeenee 580 
HD61203 Dot Matrix Liquid Crystal Graphic Display Common Driver crrssrrrsrtesesese eres teste reeses toes 612 
HD66108 RAM-Provided 165-Channel LCD Driver for Liquid Crystal Dot Matrix Graphics::-::-:-::::: 638 
®. Graphic Display LCD Driver 1 (Negative LCD Power Supply Type) 
HD66204 Dot Matrix Liquid Crystal Graphic Display Column Driver with 80-Channel Outputs :-:::- 691 
HD66205 Dot Matrix Liquid Crystal Graphic Display Common Driver with 80-Channel Outputs --- 706 
HD66214T 80:Channel Column Driver in Micro- TCR” <sssosesstcesssesswenes da cacesadbacaniensacebantsceressarenteaeres 722 
HD66224T Dot Matrix Liquid Crystal Graphic Display Column Driver with 80-Channel Outputs -----: 737 
HD66215T Common Driver for a Dot Matrix Liquid Crystal Graphic Display with 100-Channel Outputs ----:- 751 
@® Graphic Display LCD Driver 2 (Positive LCD Power Supply Type) 
HD66106F LCD Driver for High Voltage-:::+++++++sseeeeeeee visteessaeseeeetseceseseessseaseeseessasertsesseeescesenenees 772 
HD66107T LCD Driver for High Voltage PPOEPESESUCTOLETOeTeTVTUTOCeCeTPerrereeeCeeereeee reer eee ree ree reee ere ere eee rere eee eee 787 
HD66110RT Column Driver:sssssstssseseseeee TOCeCeTETeeTererrrerrerrererrerererererrr errr re rererer rere rere rere rere errr rere eee re ry) 807 
HD66115T 160-Channel Common Driver Packaged in a Slim Tape Carrier Packager::+++++-++++++++++++++- 824 
@ Segment Display LCD Controller/Driver 
HD61602/HD61603 Segment Type LCD Driver POUTELETITOOTESELETITTOTETELOSTTT TIPE LE TELE TTT PEEP Te rire 841 





® LCD Controller | | 
HD61830/HD61830B LCD Timing Controller (LCDC) .................. esata meevanihod ate re ee re 898 


HD63645/HD64645/HD64646 LCD Timing Controller (LCTC) ......... 0.0.0... cece cece eee Sofi nied eteenee 934 
- © Low Power LCD Chipset 
HD66503 240 Channel Row Driver with Internal LCD Timing Circuit ............0..0....0 2. ccc eeee Sep nge ee 979 
HD66520 4-Level Grayscale Display Column Driver with Internal Bitmap RAM ................--e eee eeeeee 996 
© TFT Type LCD Driver 
HD66300T Horizontal Driver for TFT-Type LCD Color TV ........ 0... ccc ccc cece cence teen eeenes 1027 
HD663101- TF T-lype LCD Driver for VUE o..0eob 4 een neeku Saco see Bak Ges kde eh Saw ea de daSee es Mew aene 1088 
HD66330T 64-Level Gray Scale Driver for TFT Liquid Crystal Display ............. 0.0. c eee e cece e ee eee ees 1108 


M@ LCD MODULE LINE UP 


Graphic Display-UCD Module sac: ncwsGacteland waarmee ans oe cee baiea ee wal wees hee es eae eka eds 1129 
Character-Display LCD Module: s4s.cruessyncds oh ies Dae ew ee Wha ee da bars aed Meat old eb ees ee eens 1130 
Graphic Display LCD Module (Reflection type) ......... 6. e cece cece e een eee e eens eC edeee ae dehate cates 1132 
Graphic Display LCD Module (with EL backlight) ......0.. 000.0000 cece cece cece eee eee e tenets 1132 
Graphic Display LCD Module (with CFL backlight) ...........00 0000 ccc cece cee nn eee e eee eeeeeeeeeeeees 1132 
Character Display LCD Module ........... Gatien d juerhnes va eaten ee BRA Sek ak Se Te ae 1134 
Character Display LCD Module (with LCD backlight) ........ 0... ce cee teen eee e een eenee 1134 
Seginent | ype: LOC Module: <i45 4h0%- dS oicg bo Sod eae eed ee ORR a a ee ese bb Ee 4 Sree tale eae ee es 1134 


HITACHI SALES OFFICE ........cc0cccccccccccccceuecceceuseseecveveceunrees srs fuhtae a hacen aera taste 1136 


General 
Information 


Quick Reference Guide 











Type Extension Driver 
Type Number HD44100R HD66100F HD61100A HD61200 
Power supply for 2.7 to 5.5 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 
internal circuits (V) 
Power supply for 13 6 17 17 
LCD driver circuits (V) 
Power 5 5 5 5 
dissipation (mW) 
Operating —20 to +75"! —20 to +75*! ~20 to +75"! —20 to +75 
temperature (°C) | 
Memory ROM (bit) — — — — 
| RAM (bit) — — = | — 
LCD driver Common 20 — — — 
Column 40 (20) 80 — 80 80 
Instruction set _ _— | — — 
Operation 0.4 1 2.5 | 25 
_ frequency (MHz) | 
Duty Static—1/33 Static—1/16 Static—1/100 1/32-1/128 
Package FP-60A FP-100 FP-100 _ FP-100 
Chip 
Type Column Driver 
Type Number HD66204 §-—«HD66214T ~=—s-—s HD66224T HD66106 HD66107T =—— HD66110RT 
Power supply for 2.7 to 5.5 2.7 to 5.5 2.5 to 5.5 4.5 to 5.5 4.5 to 5.5 2.7 to 5.5 
internal circuits (V) 
Power supply for 28 28 28 37 37 40 
LCD driver circuits (V) a . 
Power 15 15 15 15 25 25 
dissipation (mW) 
Operating —-20 to +75" -20 to +75 -—20 to +75 ~-20 to +75 -20 to +75 ~20 to +75 
temperature (°C) 
Memory ROM (bit) — — — — | = ae 
RAM (bit) sass ee = Sst = — 
LCD driver Common ~~ _— _ iia sais ec 
Column 80 80 80 80 160 160 
instruction set _ — -_ — — — 
Operation 8 8 8 MHz at5 V 6 8 12 MHz at5V 
frequency (MHz) 6.5 MHz at3 V 10 MHz at3 V 
Duty 1/64—1/240 1/64—1/240 1/64—1/240 1/100-1/480  1/100~1/480 1/100-—1/480 
Package . FP-100 TCP SLIM-TCP FP-100 TCP SLIM-TCP 
TFP100 TFP100 
Chip Chip 


*1 —40 to +80°C (special request). Please contact Hitachi agents. 
*2 Under development 
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Type 


Type Number 


Power supply for 
internal circuits (V) 


Power supply for 
LCD driver circuits (V) 


Power 

dissipation (mW) 

Operating 

temperature (°C) 

Memory ROM (bit) 
RAM (bit) 


HD61202 
4.5 to 5.5 


17 
5 


20 to +75°*! 


512x8 


HD66108T 
2.7 to 5.5 


15 


5 


—20 to +75 


165 x 65 


LCD driver Common 


Column 
Instruction set 


Operation 
frequency (MHz) 


~ Duty 


Package 


Type 


Type Number 


Power supply for 
internal circuits (V) 


Power supply for 
LCD driver circuits (V) 


Power 


64 

7 

0.4 
1/32-1/128 


FP-100 
TFP-100 
Chip 


HD61603 


— 2.70 5.5 


5 


0.5 


0-65 
100-165 
7 

4 


1/32, 1/34, 
1/36, 1/48, 
1/50, 1/64, 
1/66 


TCP 


dissipation (mW) 


Operating 
temperature (°C) 


Memory ROM (bit) 
RAM (bit) 
Common 
Column 
Instruction set 


Operation 
frequency (MHz) 


Duty 
Package 


LCD driver 


*1 —40 to +80°C (special request). Please contact Hitachi agents. 


*2 Under development 


Column Drive (within RAM) 
HD44102CH HD61102 
4.5 to 5.5 4.5 to 5.5 
11 15.5 
5 5 
~20 to+75*1 9-20 to +75 
200 x 8 512x8 
50 64 
6 7 
0.28 0.4 
Static-1/32  Static-1/64 
FP-80 FP-100 
Chip 2 

Segment Display 

HD61602 

2.7 to 5.5 

5 

0.5 

-20 to +75* 

204 

4 

51 

- 

0.52 


Static, 1/2, 1/3, 1/4 


FP-80 
FP80A 


-20 to +75" 


ya oe 


oO; 


02 


Static 


_ FP-80 


*3 -20 to +75°C in 12 MHz version, —20 to +65°C in 15 MHz version 
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TFT Column Driver 
HD66300T . HD66310T HD66330T 
4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 
15 23 5 
160 100 100 
—20 to +75 —20 to +75*3 1-20 to +75 
(-20 to +60) 
120 160 192 
4.8 12/15 28 
TCP TCP SLIM-TCP 
HD61604 HD61605 
2.7 to 5.5 2.7 to 5.5 
5 5 
0.5 0.5 
—20 to +75" —20 to +75" 
204 64 
4 1 
51 64 
4 4 
0.52 0.52 
Static, 1/2, 1/3, 1/4 Static 
FP-80 FP-80 
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Type Common Driver 
Type Number HD44103CH HD44105H HD61103A HD61203 HD66205 HD66215T HD66115T 
Power supply for 4.5 to 5.5 4.5 to 5.5 4.5 to 5.5 ‘4.5 to 5.5 2.7 to 5.5 2.5 to 5.5 2.5 to 5.5 
internal circuits (V) 
Power supply for 11 11 17 17 28 28 40 
LCD driver circuits (V) 
Power 4.4 4.4 5 5 5 5 5 
dissipation (mW) 
Operating -20 to +751 -20to+75*1 9 -20to+75"1 -20to0 +75"! -20to0+75*1 -20to+75 -20to +75 
temperature (°C) 
Memory ROM (bit) — —_ —_ —_ _ ae = 
RAM (bit) — —_ — — — — — 
LCD driver Common 20 32 64 64 80 100/101 160 (80 + 80) 
Column _ —_ _ — —_ — _— 
Instruction set _ _ _ — — — —_— 
Operation 1 1 2.5 2.5 0.1 0.1 2.5 
frequency (MHz) 
Duty 1/8, 1/12, 1/8, 1/12, Static-1/10,  1/32-1/64 1/64-1/240  1/64-1/240  1/100-1/480 
1/16, 1/24, 1/32, 1/48 1/64 
1/32 
Package . FP-60 FP-60 FP-100 FP-100 FP-100 SLIM-TCP SLIM-TCP 
Chip TFP100 TFP100 
Chip Chip 
Type Character Display Controller 
HD44780U HD66702R HD66710 HD66712°2 
‘Type Number HD43160AH (LCD-Il) (LCD-I1V/E20) (LCD-IV/F8) (LCD-Il/F12) 
Power supply for 4.5 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 2.7 to 5.5 
internal circuits (V) 
Power supply for — 11 7 13 13 
LCD driver circuits (V) 
Power 10 2 2 2 2 
dissipation (mW) 
Operating —20 to +75 ~—20 to +75*! —20 to +75" —20 to +75" —20 to +75 
temperature (°C) : 
Memory ROM (bit) 6420 9920 7200 9600 9600 
RAM (bit) 80 x 8 80 x 8, 64 x8 80 x 8, 64x 8 80 x8,64x8, 80x8,64x8 
8x8 8x8 
LCD driver Common — 16 16 33 33 
Column —_ 40 100 40 60 
instruction set 6 11 11 11 11 
Operation 0.25/0.375 0.25 0.25 0.25 0.25 
frequency (MHz) 
Duty 1/8, 1/12,1/16 1/8,1/11,1/16 1/8, 1/11,1/16 1/17, 1/33 1/17, 1338 
Package FP-54 FP-80B FP-144A — -FP-100A TCP 
TFP-80 Chip TFP-100 
Chip Chip 








*1 -—40 to +80°C (special request). Please contact Hitachi agents. 
*2 Under development 
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Type 


Type Number 


Power supply for 
internal circuits (V) 


Power supply for 
LCD driver circuits (V) 


Power 
dissipation (mW) 


Operating 
temperature (°C) 
Memory ROM (bit) 
RAM (bit) 
LCD driver Common 
| Column 
Instruction set 


Operation 
frequency (MHz) 


Duty 
Package | 


Static-1/128 


FP-60 


Graphic Display Controller 
HD61830 HD61830B 
LCDC LCDC 

4.5 to 5.5. 4.5 to 5.5 
30 50 

-20 to +75 -20 to. +75*1 
7360 7360 

12 12 

1.1 2.4 


Static-1/128 
FP-60 


HD63645F 
HD64645F 
HD64646FS 
LCTC 


4.5 to 5.5 


50 


-20 to +75 


Static—1/512 


FP-80 
FP-80B 





_*4{ ~~ -40 to +80°C (special request). Please contact Hitachi 


*2 Under development 


Type 


Type Number 


Power supply for 
internal circuits (V) 


LCD driver circuits (V) 


Power 
dissipation (mW) 


Operating 
temperature (°C) 


ROM (bit) 
RAM (bit) 


~Common 


Memory 


LCD driver 
Column 


Operation 
frequency (MHz) 


Duty 
Package 


agents. 


Low-Power LCD Chipset 


HD66503 
2.7-5.5 


28 
0.5 


-20° to +75° 


240 


65 KHz 


1/120, 1/240 
TCP 


HD66520 
2.7-5.5 


28 | 
0.5 


-20° to +75° 


76800 


160 
65 KHz 


1/120, 1/240 
TCP 
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Type Number Order 





Sorted by Type Name 
Type Function Reference Page 
HD43160AH LCD controller 199 
HD44100RFS 40-channel LCD driver 181 
HD44102CH 50-channel column driver within RAM 489 
HD44103CH 20-channel common driver 511 
HD44105H 32-channel common driver 519 
HD44780UA00FS/00TF/01FS/ LCD controller/driver (8 x 2 character) 
02FS/UB**FS/TF LCD-II 214 
HD61100A 80-channel column driver 174 
HD61102RH 64-channel column driver within RAM 528 
HD61103A 64-channel common driver 556 
HD61200 80-channel column driver 186 
HD61202/TFIA 64-channel column driver within RAM 580 
HD61203/TFIA 64-channel common driver 612 
HD61602R/RH Segment display type LCD driver 841 
HD61603R Segment display type LCD driver 841 
HD61604R Segment display type LCD driver 871 
HD61605R | Segment display type LCD driver 871 
HD61830A00H LCDC LCD controller 898 
HD61830BO0H LCDC LCD controller 898 
HD63645F LCTC LCD timing controller (68 family) 934 
HD64645F LCTC LCD timing controller (80 family) 934 
HD64646FS LCTC LCD timing controller (80 family) 934 
HD66100F/FH 80-channel LCD driver 161 
HD66106FS 80-channel column/common driver 772 
HD66 107T00/0 1/11/12/24/25 160-channel column/common driver 787 
HD66108T00 165-channel graphic LCD controller/driver 638 
HD66 110RTA8/RTBO/RTB1/TA4 160-channel column driver 807 
HD66115TA0/1 160-channel common driver 824 
HD66204F/FL/TF/TFL 80-channel column driver 691 
HD66205F/FL/TF/TFL/TA1/TA2/ 80-channel common driver 
TAS/TAG/TA7/TASL 706 
HD66214TA 1/2/3/6/9L 80-channel column driver : 722 
HD66215TAO/1/2 100-channel common driver 751 
HD66224TA1/TA2/TBO 80-channel column driver 737 
HD66300T00 120-channel TFT analog column driver 1027 
HD66310T00/T0015 160-channel TFT digital column driver (8 gray scale) 1088 
HD66330TAO 7 192-channel TFT digital column driver (64 gray scale) _1108 
HD66503 240-channel row driver with internal LCD timing circuit 979 
HD66520 160-channel 4-level grayscale display column 

with internal bit-map RAM 996 — 
HD66702RA00F/00FL/01F/02F/ 
RB**F/FL LCD-II/E20 LCD controller/driver (20 x 2 character) | 273 
HD66710***F8 LCD-II/F8 LCD controller/driver (8 x 4 character) | 334 
HD66712 LCD-II/F12 


LCD controller/driver (12 x 4 character) 411 
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Lineup 


HD66310T(Drain) 
HD66330T(Drain) 
HD66205 (Gate) 
HD66215T(Gate) 


Application 
Personal Com- 
puter 

Terminal Work- 
station 
Navigation Sys- 
tem 


LCD-TV 


HD66300T (Drain) 





HD66205 (Gate) 
HD66215T(Gate) 


HD63645/64645/ 
64646(Controller) 
HD66204(Column)/ 
66205(Common) 
HD66224T(Column)/ 
HD66215T(Common) 
HD66106F (Driver) 


HD61100A(Column), 
HD61830B(Controller) 
HD61200(Column) 
HD61103A(Common), 
HD61203(Common) 


Portable Video 


Personal Com- 
puter, Word- 
processor, Ter- 
minal 


Laptop Computer, 
Facsimile, Telex, 
Copy machine 


HD44102(Column)/ 

















Reference Screen 
Type Figure Size (max) 
TFT (800x3)x520 . 
Full Color. 
Bs oo ec Color TFT dots 
ystem Driver) [ 
HD66330T 
(Drain Oriver) 
Color 720x480 dots 
LCD-TV Color 
System iver 
HO66300T 
(Drain 
Driver) 
Display 640x400 dots 
System woes2ist | | (oisplay 
for CRT (Common Driver} system) 
Compatible L_ 
HD66224T 
(Column driver) 
Graphic Character 
Display HD61203 80x16 
System oo Graphic 
an 480 x 128 dots 
HD61200 
(Column driver) 
Graphic 480 x 128 dots 
Display . 
(Bitmap) E es 
ae 
HD61202 
(Column Driver) 
Character 40 Charac- 
System ry : cay Oost x2 Columns 
r-——~} | 80 Charac- 
rosea” | ters 
(Columm Driver) x 1 Column 
Segment 25 Digits 
Display x1 Column 
System 


HD61602/HD61604 
(Controller/Oriver) cr 
ES geal 
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61102(Column) 


-HD44103(Common) 


HD61202(Column) 
HD44105(Common)/ 
61103A(Common) 
HD61203(Common) 
HD66108 
(Column)/Common) 


HD44780U(LCD- Ii) 
(Controller/Driver) 
(Controller/Driver) 
HD44100R(Column) 
HD66 1 00F (Column) 


Laptop Computer, 
Handy Word- 
processor, Toy 


Electrical Type- 
writer, Multifunc- 
tion Telephone, 
Handy Terminal 


HD66702(LCD- i! /E20) 
HD66710(LCD- I! /F8) 
HD66712(LCD- li /F12) 


HD61602 ECR, Measure- 
(Controller/Driver) ment System, 
HD61604 Telephone 
(Controller/Driver) Industrial Mea- 
HD61603 surement System 
(Controller/Driver) 

HD61605 ~~ 


(Controller/Driver) 





IHDOWLIH 


Gl 


Driver Output HD66108 


160 
HD66702 
(LCD-II/E20) 
+ 
HD61603 
HD66712 HD61605 HD61202 
(LCD-II/F12) HD61102 
Controller/Driver fee sy HD61604-+- 60 : ee aacees | 


HD66710 
(LCD-I/F8) 1 op -1n 


1/480 1/200 1/128 1/64 1/32 1/16 1/8 
Duty 1/240 1/100 


| HD44103 | 
LH HD44105 | 
_HD61103A | 
HD61203 
HD66205/ 
HD66215T -——_________ 
HD66106F 
HD66107T/HD66115T 


Common Driver | 


HD61602 
HD44102 
HD44780U [| 4 


(Built in RAM) 











Se 
40 
20 
Static 
1/8 1/16 1/32 1/64 1/128 1/200 1/480 
1/100 Duty 1/240 
20 
32 
HD44100R 
ag 
60 
HD61200 
HD66100F 
}-———----—__4HD61100A 





80 
HD66204/HD66214T/HD66224T HK 


HD66106F 
HD66107T/HD66110RT 
160 -—________—__—_| 


Driver Output 





apm uonoe[es 
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Application 
Character and Graphic Display 
1 character=7 X 8 dot (15 <X 7 dot + cursor) 


HD66100F 


HD44100R 


HD61200 (Column) + HD61203 (Common) 


HD66204 (Column) + HD66205 (Common) 

HD66214T/HD66224T (Column) + HD66215T (Common) 
HD66106F, HD66107T 

HD66110T (Column) + HD66115T (Common) 


HD61202 (Column) + HD61203 (Common) 


HD66204 (Column) + HD66205 (Common) 
HD66214T/HD66224T (Column) + HD66215T (Common) 


HD66106F, HD66107T 
Over 400 HD66110T (Column) + HD66115T (Common) 


Note: Applications on this page are only examples, and this combination of devices is not the best. 
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Differences Between Products 


1. HD66100F and HD44100R 


LCD drive circuits 

Power supply for internal logic (V) 
Display duty 

Package 


2. HD61100A and HD61200 


LCD drive circuits common 
column 

Display duty 

Power supply for LCD drive circuits (V) 


Power supply limits of LCD driver 
circuit voltage 


HD66100F 

80 

3 to 6 

Static to 1/16 

100 pin plastic QFP 


HD61100A 
80 
static to 1/12 
0 to 17 


Vcc to Vee 
(no limit) 


HD44100H 
20x2 

3 to 13 

Static to 1/33 

60 pin plastic QFP 


HD61200 | 

80 

1/32 to 1/128 

8 to 17 

shown in figures below 





Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Y: to Yso is specified 


V1L,V1R ——————_O 


V3L,V3R ——————-_O 


V4L,V4R ————___—_0 


V2L,V2R 


under the following conditions: 

Vec— Vez=17V 

ViL=V1R, V3L=V3R=Vec—2/7 (Vec— Vee) 
V2L=V2R, V4L=V4R=VeEt2/7 (Vcc —Veze) 


Terminal Y 
(Y; to Ygo) 





Figure 1 Resistance between Y ard V Terminals 


The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1L= 
V1R and V3L=V3R and negative voltage to 


cc 
arn eet V1 (V1IL=V1R) 
——- V3 (V3L=V3R) 


a en V4 (V4L=V4R) 


aes a es ea ve (V2L=V2R) 


: : EE 
Correlation between Driver 


Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 


V2L=V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice the AV depends 
on power supply voltage Vcc— VEE. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 





8 
Vcc ~ Vee (V) 
Correlation between Power 
Supply Voltage Vcc —Vege and AV 





Figure 2 Power Supply Voltage Range 
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Differences Between Products 


3. HD66100F and HD61100A 


LCD driver circuits 


Power supply for LCD drive circuits (V) 


Display duty 


Operating frequency (MHz) 


Data fetch method 
Package 


4. HD61830 and HD61830B 


Oscillator 


Operating frequency (MHz) 


Display duty 


Programmable screen size (Max) 


HD66100F 
80 . 

3 to 6 . 
static to 1/16 


1.0 MHz (max) 


Shift 
100 pin Plastic 
OQFP (FP-100) 


HD61830 
Internal 

1.1 MHz 
static to 1/128 


64 x 240 dots 
(1/64 duty) 


HD61100A 
80 

5.5 to 17.0 
static to 1/128 
2.5 MHz (max) 
Latch 


100 pin plastic QFP 
(FP-100) 


HD61830B 
External 

2.4 MHz 
static to 1/128 
128 x 480 dots 


(1/64 duty) 


Other 


Package Marking 


pin 6:C 
pin 7:R 
pin 9:CPO 
® 


pin 6:CE 
pin 7:0E 
pin 9:NC 


@ 31 


~HD61830A00 


@ 3e1 


HD61830B00 





s 
Figure 3 Package Marking 
os HITACHI 


Differences Between Products 





5. HD61102 and HD61202 


HD61102 HD61202 
Display duty static to 1/64 1/32 to 1/64 
Recommended voltage between 4.5 to 15.5 8 to 17 
Vec and Vee (V) . eee 
Power supply limits of LCD driver Vcc to Vee (no limit) shown in following fig- 
circuits voltage ures 
Pin 88 DY (output) NC (no connection) 
Absolute maximum rating of Veg (V) Vec— 17.0 to Vec- 19.0 to 

Vec+0.3 Vec+0.3 


Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L and V4R) 
when load current flows through one of the terminals Y: to Yea is specified under the following 
conditions: 


Veco— Vez=15V 
V1L=Vi1R, V3L=V3R=Vec—2/7 (Vcc— Vee) 
V2L=V2R, V4L=V4R=Veet2/7 (Vec— Vee) 


Terminal Y 
(Y; to Yea) 





V2L,V2R | 





Figure 4 Resistance between Y and V Terminals 


The following is a description of the range of V2L=V2R and V4L=V4R within the AV ran- 
power supply voltage for liquid crystal dis- ge. This range allows stable impedance on 
play drives. Apply positive voltage to ViL= driver output (Ron). Notice that AV depends 
V1R and V3L=V3R and negative voltage to on power supply voltage Vcc— VEz. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


Veco. 
™ V1 (V1L=V1R) 
——- V3 (V3L=V3R) 


V4 (V4L=V4R) 
V2 (V2L=V2R) 
Vee 


Correlation between Driver 8 

Output Waveform and Power Vec— Ver (V) 

supply Voltages for Liquid Correlation between Power 
Crystal Display Drive : Supply Voltage Vec—Ver and AV 





Figure 5 Power Supply Voltage Range 
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Differences Between Products 


6. HD61103A and HD61203 


HD61103A 


Recommended voltage between 4.5to 17 


Vec and Vee (V) 
Power supply limits of LCD drive 
Circuits voltage 
Output terminal 


Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals X1 to X64. This value is 
specified under the following conditions: 


-V1L,V1R —————_———_-O 


V6L,V6R ———_O 
V5L,V5R ———————_O 


V2L,V2R 


Vcc to Vee (no limit) 


shown in following figure 4 





HD61203 — 
8 to 17 


shown in figures below 
shown in following figure 5 
Vec— Vezr=17V 


V1L=V1R, V6L= V6R=Vec—1/7 (Vcec— Vee) 
V2L=V2R, V5L=V5R=Veet1/7 (Vcc— Vee) | 


Terminal Y 
(Y; to Yea) 


Figure 6 Resistance between Y and V Terminals 


Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to VIL=ViR and V6L= 
V6R and negative voltage to V2L=V2R and 


Voc 
V1 (VIL, =V1R) 
V6 (V6L=V6R) 


V5 (VSL=V5R) 


V2 (V2L=V2R) 
Vee 





Figure 7 Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 





V5L=V5R within the AV range. 
This range allows stable impedance on driver 
output (Ron). Notice that AV depends on 
power supply voltage Vcc— Vrs. 


The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 


8 
Voc ~ Vee (V) 


Correlation between Power 
Supply Voltage Vcc—Vzr and 
AV 


Figure 8 


20 | | HITACHI | 








Figure 9 HD61103A Output Termiral 


7. HD61602, HD61603, HD61604, and HD61605 


Differences Between Products 





Figure 10 HD61203 Output Termiral 


HD61604 


VIL, VIR. 


V6L,V6R: 


V5L,V5R 


V2L,V2R 


HD61602 HD61603 HD61605 
Power supply (Vpp) 2.2~5.5V 2.2~5.5V 4.5~5.5V - 4,5~5.5V 
Instruction word 8 bits x 2 4 bits x 4 8 bits x 2 4 bits x 4 
LCD power supply circuit Yes = = - 
Segment terminals 51 64 51 64 
Display size Static 6 digits + 3 marks 8 digits 6 digits + 3 marks’ 8 digits 
frame frequency 33Hz 33Hz 98Hz 98Hz 
(fosc=100 kHz) 1/2 duty 12 digits + 6 marks — 12 digits + 6 marks — 
65Hz 195Hz 
1/3 duty 17 digits = 17 digits | iad 
208Hz 521Hz 
1/4 duty 25 digits + 4 marks — 25 digits + 4 marks — 
223Hz 781Hz 
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Differences Between Products 


8. LCD-II Family (HD44780U, HD66702R and HD66710) 


item 
Power supply voltage 


Liquid crystal drive 
voltage Vicp 
Maximum display 
digits per chip 
Segment display 
Displaye duty cycle 
CGROM 


CGRAM 

DDRAM 

SEGRAM | 

Segment signals 

Common signals 

Liquid crystal drive waveform 


Number of displayed | 
lines 


Low power mode 
Horizontal scroll 
CPU bus timing 


Package 


Common 


Segment 


Common-segment 





LCD-Il 
(HD44780U) 


2.7 V-5.5 V 


3.0Vto11V 


8 characters 
x 2 lines 


None 


1/8, 1/11, and 1/16 | 


9,920 bits 
(208: 5 x 8 dot 
characters and 
32: 5 x 10 dot 
characters) 


64 bytes 
80 bytes 
None 
40 

16 

A 

1 or2 


None 

Character unit | 
2 MHz (5-V operation) 
1 MHz (3-V operation) 


OQFP1420-80 
80-pin bare chip 


Figure 11 Waveform A (1/3 Duty, 1/3 


Bias) 
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LCD-11/20 
(HD66702) 


5 V+10 % 
(standard) 


2.7 V-5.5 V (low voltage) 
3.0V to 7.0V 


20 characters 
x 2 lines 


None 

1/8, 1/11, and 1/16 
7,200 bits 

(160: 5 x 7 dot 
characters and 

32:5 x 10 dot 
characters) 


64 bytes 
80 bytes 
None 
100 

16 

B 

1or2 


None 


Character unit 
1 MHz 


LOFP2020-144 
144-pin bare chip 





wom FL 





Common-segment 


1 frame 


1 
Common | | \ 
| | 
1 | 
1 
| of LS 


LCD-11/F8 
(HD66710) 


2.7 V-5.5V 


3.0Vto 13.0 V 


16 characters < 2 lines/ 
8 characters X 4 lines 


40 segments 
1/17 and 1/33 


9,600 bits 
(240: 5 x 8 dot 
characters) 


64 bytes 
80 bytes 
8 bytes 
40 

33 

B 

1,2, or 4 


Available 
Dot unit 
2 MHz (5-V operation) 
1 MHz (3-V operation) 


QFP1420-100 
100-pin bare chip 











! ace ene frame 


Figure 12 Waveform B (1/3 Duty, 1/3 


Bias) 
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Differences Between Products 





9. HD66204, HD66214T and HD66224T 


HD66204 HD66214T HD66224T 
Datainput (bit) 4 4 4/8 
Packge 100-pin plaslic OFP TCP TCP (8mm) 
FP-100, TFP-100 
Die 


10. HD66205, HD66215T and HD66115T 





HD666205 HD66215T HD66115T 
LCD drive circuits 80 100/101 160 
Power supply for LCD drive circuits (V) -10 to -28 (Vcc -Vee ) -10 to -28 (Vcc -Vee) +14 to +40 (Vicp-GND) 
11. HD66106F and HD66204 
HD66106F HD66204 
LCD drive circuits voltage +14 to +35 (Vicp-GND) | -10 to -28 (Vcc-Vee) 
Display Duty 1/100 to 1/400 1/64 to 1/200 
Operating frequency (MHz) 6.0 MHz 8 MHz 
Function | column and common driver . column driver 


12. HD66106F, HD66107T and HD66110RT 


. HD66106F HD66107T HD66110RT 
LCD drive circuits , 80 160 160 
Data transfer 4-bits 4/8-bits 4-bits/8-bits 
Operating frequency (MHz) 6 8 12 
Power supply for LCD drive circuits 14 to 37 14 to 37 28 to 40 
Packge | 100-pin plastic TCP TCP (9mm) 


QFP (FP-100A) 


13. HD63645, HD64645 and HD64646 


HD63645F HD64645F HD64646FS 
CPU interface 68 family 80 family 80 family 
Package 80-pin plastic 80-pin plastic 80-pin plastic 
QFP (FP-80) QFP (FP-80) OQFP (FP-80A) 
Other ~- - HD64646 has another LCD 


drive interface in HD64645 
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Package Information 


Package Information 


The Hitachi LCD driver devices use plastic flat | density mounting by utilizing the features of thin 
packages to reduce the size of the equipment in _liquid crystal display elements. 
which they are incorporated and provide higher | 


Package Dimensions 
Scale: 3/2 


19.640.4 





| HD43160AH : 
Applicable LSI | 
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Package Information 


full 


| 


19.640.4 


Hil 


oe is 


Code | _FP-60A 
EIA) | SC-582-F 
JeDEC | — 





HITACHI ae 











Package Information 


25.640.4 


19.640.4 


| 


Lt 


—tnnman uncut AAA AAA 


TTT. 


0.350. 10 | 10.151 


. | | HD61602, HD61603, HD61604, HD61605, 
Applicable LS! HD63645, HD64645, HD44102 


17,.2+0.3 


17.2£0.3 





HD61602 | | 
Applicable LSI | | 
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Package Information 


Applicable LSI 


0.17 £0.05 


Applicable LS! 








Package Information 


19.620.4 


FP-100 
| EIS | 
JEDEC | 


FP-100A 


24.840.4 


| E=s0 


—39 
ow 
bg 
$F 
oOo 
~ 
“ 


a) 
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Package Information 


FP-100B 


16.0£0.3 


| : HD66100F 
Applicable LSi 


TFP-100 


Applicable LS! 








Package Information 


22.040.3 


2 
So 
+I 
2 
nN 
N 


SC-596-A | 
rsevec | — | 


| Hb66702 
Applicable LSI : , 
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Notes on Mounting 


1. Damage from Static Electricity 


Semiconductor devices are easily damaged by 
static discharges, so they should be handled and 
mounted with the utmost care. Precautions are 
discussed below. 


1.1 Work Environment 


Low relative humidity facilitates the accumulation 
of static charge. Although surface mounting pack- 
age devices must be stored in a dry atmosphere to 
prevent moisture absorption, they should be 
handled and mounted in a work environment with 
a relative humidity of 50% or greater to prevent 
static buildup. 


1.2 Preventing Static Buildup in Handling 


1. Avoid the use of insulating materials that easily 


accumulate a static charge in workplaces where 
mounting operations are performed. In particu- 
lar, charged objects can induce charges in semi- 





conductors and finished PC boards even without 
direct contact. Recommended measures include 
the use of anti-static work garments, conductive 
carrier boxes, and ionized air blowers. 


2. Ground all instruments, conveyors, work bench- 
es, floor mats, tools, and soldering irons to 
prevent the accumulation of static charges. Lay 
conductive mats (with a resistance on the order 
of 109 Q to 10!! Q) on workbenches and floors 
and ground them. (See figure 1.) 


3. Personnel should wear grounding bracelets on 
-their arms or legs. To prevent electric shocks, 
insert a resistor of 1 M© or greater in series as 
shown in figure 2. 


4, If soldering irons are used, use low voltage 


(12 V to 24 V) soldering irons designed for use 
_ with semiconductors. Ground soldering iron tips 
as shown in figure 3. 


@ High resistance conductive mat (grounded) 
@) Personal ground (bracelet) 
@ High resistance conductive mat (grounded) 


@ Humidifier 
©) Anti-static work clothes 
© Anti-static shoes 


Figure 1 Static Electricity Countermeasures for Semiconductor Handling 
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Notes on Mounting 


13 Preventing Semiconductor Discharges 1.4 Precautions during Mounting 


Semiconductors are not damaged by static charges _1. 
on the package or chip itself. However, damage 

will occur if the lead frame contacts a metal object 

and the charge dissipates. Grounding the metal 
object does not help in this situation. 


The following measures should be taken. 


1. Avoid contact or friction between semiconduc- 
tors and easily charged insulators. 


2. Avoid handling or working with semiconductors 
on metal surfaces. Semiconductors should be 
handled on grounded high resistance mats. 


3. If a semiconductor may be charged, do not 
allow that device to contact any metal objects. 


Grounded high resistance mats must be used 
when mounting semiconductors on PC boards. 
Ground mats before handling semiconductors. 
Particular caution is required following conduc- 
tivity testing, since capacitors on the PC board 
may retain a charge. 


. PC boards can also acquire a static charge by 


contact, friction, or induction. Take precautions 
to prevent discharge through contact with trans- 
port boxes or other metal objects during trans- 
portation. Such precautions include the use of 
anti-static bags or other techniques for isolating 
the PC boards. — 


Metal or conductive material 


insulated wire 


R = over 1 MQ 





Figure 2 Personal Ground 


roovac® ct il 12 Vito 24V 


Soldering 
iron tip 
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Figure 3 Soldering Iron Grounding Example 








2. Precautions Prior to Reflow 
Soldering 


Surface mount packages that hold large chips are 
weaker than insertion mount packages. Since the 
whole package is heated during the reflow opera- 
tion, the characteristics described below should be 
considered when determining the handling used 
prior to reflow soldering and the conditions used in 
the reflow operation. 


2.1 Package Cracking Mechanism in Reflow 
Soldering 


Packages that have absorbed moisture are thought 
to crack due to the mechanism shown in figure 4. 
Moisture absorbed during storage diffuses through 
the interior of the package. When a package in this 
State is passed through the reflow furnace, that 
moisture rediffuses. Some of it escapes along the 
boundary between the resin and the frame. This 
can lead to boundary separation. As the pressure in 
this space increases the resin warps, finally result- 
ing in a crack. 


The Fick diffusion model can be used to calculate 


the diffusion of moisture in resin: 


dC (x, t) Re 02C (x, t) 


Notes on Mounting 


The volume of moisture absorbed by the package 
can be expressed as follows: 


Q(t) =sC (x, t) dx 


The increase in internal pressure can be calculated 
from the moisture diffusion during reflow heating 
by using the C (x, t) function. 


Figure 5 shows the relationships between the maxi- 
mum stresses when packages of various moisture 
absorption states are heated, the adhesion strength 
between the resin and frame at various tempera- 
tures, and the strength of the resin itself. While this 
model indicates that cracks will result in this 


example when the moisture absorption ratio 


exceeds 0.2 wt% in a VPS (vapor phase soldering 
at 215°C) process, actual tests show that cracks 
result in packages with a moisture absorption ratio 
of 0.25 wt%. This indicates that the model is valid. 


Therefore moisture management should focus on 
the moisture content in the vicinity of the frame. 
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Notes on Mounting 


90 
at 
c: Package internal moisture 

density 
D: Water diffusion coefficient 


=D 


1 mol HzO 


Vaporization of | — 22.4 £/latm 


° O) > fad 


fad: Resin bonding strength 
co: Generated stress 


Boundary 
sepa 


at 

Wax =@ En? P 
a: Form coefficient 
E: Resin Young’s modulus 
P: Internal pressure 
a: Tab shorter dimension 
h: Thickness of the resin 

under the tab 


* Omax = > F (T) 


2 
Omax = 6 


F (T): Resin strength 
B: Form coefficient 





Figure 4 Package Crack Generation Mechanism 


/ 
J (Sm_x)sat 


(SI units/mm?) 


Moisture 
absorption ratio 
(85°C 85%RH) 


XV _ 0.3 wt? 
x 0.2 wt 


e 


———.,0.1 wt 
0 


Adhesive strength Fad bending strength Fs 
(SI units/mm?) 
Generated stress On, x 


Temperature (°C) 





Figure 5 Temperature Dependence of Resin Adhesive Strength, 
Mechanical Strength, and Generated Stress 
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3. Recommended Soldering Conditions 


Notes on Mounting 


Soldering temperature stipulations must be fol- sents Hitachi’s recommended soldering conditions. 


lowed and the moisture absorption states of plastic 


packages must be carefully monitored to prevent 3.1 Recommended Soldering Temperatures 


degradation of the reliability of surface mount 


packages due to thermal shock. This section pre- See table 1. 


Table 1 Recommended IC Soldering Temperatures 
Method Recommended Conditions 


Vapor-phase reflow 
ca 30 s, 


215°C maximum 







140 to 160°C 


Package surface 
temperature 








“About 60 s 
1 to 5°C/s 
Time 
Infrared reflow Os 
Hot-air reflow 235°C, maximum 
maximum 
lem 











140 to 160°C 


About 60s 1 to 4°C/s 


Package surface 
temperature 


1 to 5°C/s 





Time 


HITACHI 


Notes 


Since TSOP, TQFP, and 
packages whose body » 
thickness is less than 

1.5 mm are especially 
vulnerable to thermal shock, 
we recommend limiting the 
soldering conditions to 

a maximum temperature of 
230°C for a maximum time 
of 10 seconds for these 
packages. 
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Notes on Mounting 


4. Moisture Absorption Prevention 
Conditions 


Plastic packages absorb moisture when stored in a 
high humidity. If devices are mounted using solder 
reflow techniques when they have absorbed mois- 
ture they are susceptible to reflow cracking. 
Products that are particularly susceptible to the 
influence of absorbed moisture are packed in 
moisture-proof packing. These products should be 
handled under the following conditions after 
opening the moisture-proof packing. 


4.1 Storage and Handling after Opening 
Moisture-Proof Packing 


Storage temperature: 5°C to 30°C 


Storage humidity: | Under 60% relative humidity 


Time between unpacking and reflow soldering: 


1. If specified on the label attached to the 
moisture-proof packing, or in the delivery 
specifications: follow those specifications. 


2. If not specified on the label attached to the 
moisture-proof packing or in the delivery speci- 
fications: perform reflow soldering within 
168 hours (one week) with the product stored 
under the conditions specified above. 
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4.2 Baking 


4.2.1 Baking is Required in the Following 
Situations 


1. If the desiccant indicator has turned pink. 


2. If the storage period following unpacking 
exceeds the specifications for that period. 


4.2.2. Recommended Baking Conditions 


1. TSOP and TQFP: 125°C for 4 hours 


2. Packages other than TSOP and TQFP: 125°C 
for 16 hours to 24 hours 


3. If specified in the delivery specifications or 
other documentation, follow those specifications. 


4.2.3 Other Points 


Use heat-proof trays in the baking operation. 
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Surface Mounting Package Han- 
dling Precautions 


1. Package temperature distribution 


The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package directly 
exposed to the infrared heat source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 6, the surface 
directly facing the infrared heat source is 20° 
to 30°C higher than the leads being soldered 
and 40° to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 


To. avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
- temperature of the leads is 240°C. 


Infrared rays 
(Surface) 


(Resin) 


T3 T2 TT; 
(Solder) 


Ty 
T2 


temperature (°C) 


time (sec) 





Figure 6 Temperature Profile During 
: Infrared Heat Soldering 
(Example) 


2. Package moisture absorption 


The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 


3. Heating and cooling 


One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 
method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 


characteristics. Thus, it is recommended that 


the solder dip method not be used. 

Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4’°C/ 
sec is recommended. 


4. Package contaminants 


It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 

With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 


‘must be taken. 


‘The precautions mentioned above are gen- 


eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 


type. 


For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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The Information of TCP 


Features of TCP (TAB Technology) 


The structure and materials used by Tape Carrier 
Package (TCP) give it the following features as 
compared with conventional packages: 


Thin, Lightweight, and Fine Pitch 


With thickness less than 1 mm and fine-pitch leads, 
a reduced pad pitch on the device enables more 
functionality in a package of equivalent size. 
Specifically, these features enable: 


e Thin and high definition LCM (Liquid Crystal 
display Module) 


¢ Lightweight and ultra-high pin count systems 


LCD *driver 


EKGs 


Flexible Design 


The following can be tailored to the design of the 
system (e.g. mother board design): 


¢ Pattern layout 


¢ TCP design 


TCP Applications 
Thinness, ultra-high pin count, and fine pitch open 
up new possibilities of TCP applications for com- 


pact and highly functional systems. Figure 1 shows 
some applications of TCP-packaged chips. 


Personal computers; 
word processors 


Calculators and 
organizers 


Workstations 


Computers 





Figure 1 Examples of TCP-Packaged Chip Applications 
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Hitachi TCP Products 


TCP for Hitachi LCD Driver high voltages and provide high definition with a 
tape carrier package that promises excellent relia- 

Hitachi offers tape-carrier-packaged LCD drivers _ bility, making possible applications that would not 

for LCD modules ranging from miniature to large _be feasible with a conventional QFP. For material 

sizes. Table 1 shows some examples of standard specifications of the products in table 1, see 

tape carrier packages for LCD drivers. Hitachi table 3. 

LCD drivers combine a device that can withstand 





Table 1 TCPs for Hitachi LCD Drivers 




























Function Appearance 
Total Pin Outer 
Signal Product Count Lead 
Application Drive Output Code (Output) Pitch Remarks 
only 2 
a ty 
ae we 
HD66300T00 156 (120) 0.3 mm 
Medium- Column Digital c o Built-in controller 
size and . (on-chip RAM) 
liquid common 
crystal 
-HD66108T00 =: 208 (165) «0.4 mm 
Large Column Digital : ae | Outer lead pitch: 
liquid and 0.08-mm products 
crystal common are also available 
HD66110TAS 191 (160) 0.14 mm 
Large — Common Digital oo re Outer lead pitch: 
liquid only — | 0.15-mm, 0.18-mm, 
crystal 0.20-mm or 0.25-mm 
products are also 
| We ee wy available. 
| HD66205TASL 92 (80) 0.22 mm 
Large Column _ Digital _ ial CeO Outer lead pitch: 
liquid only Moe 0.18-mm, 0.20-mm, 
crystal . fe — products are also 
| = Se available. 
| . | HD66214TASL 98 (80) 0.22 mm | 
Large Column _ Digital y i Outer lead pitch: 
liquid only 0.20-mm products 
crystal are also available. 


HD66224TA1 108(80) 0.21 mm 
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TCP External View and Cross-Sectional Structure 


TCP Components 
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Test pad 


LSI chip 


Solder resist 


Outer lead hole 


Base film 
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Outer lead for input 
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User area 


Cross-Sectional Structure 


Adhesive 





Copper foil 


Resin 
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ee 
*, sie 
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oe 


Solder resist 


LUBBABARARBABAEELSE 


HITACHI 


40 





TCP 


TCP Materials and Features ordering manual [ADE-801-001 (O)]. 


TCP Material Specifications: Table 2 lists 
Hitachi TCP material specifications. Ask us if you 
require other materials. In this case, use TCP 


Table 3 lists current material specifications for 
various Hitachi products. 





Table 2 Hitachi TCP Material Specifications 


No. Item Specifications | 
1 Base film UPILEX® S-type: thickness 75 um +5 pm 
| KAPTON® V-type: thickness 125 or 75 pm +5 um 

2 Adhesive Toray #5900 ; 
TOMOEGAWA E-type 

3 Copper foil Rolled copper: thickness 35 or 25 um +5 um 
Electro-deposited copper: thickness 35 or 25 um +5 pm 

4 Resin Epoxy resin 

5 Outer lead plating Tin 

6 Solder resist Epoxy solder resist 


Cross-sectional view 





Table 3 Material Specifications for Hitachi Products 


Product Code 
HD66300T00 
HD66108T00 


HD66110TA8 
HD66205TASL 
HD66214TAQL 


HD66224TA1 


Application 
TFT 


Large liquid 
crystal 


~ Large liquid 


crystal 
Large liquid 
crystal. 
Large liquid 
crystal 
Large liquid 
crystal 


Base Film 
KAPTON® V 
KAPTON® V 


UPILEX® S$ 
UPILEX® § 
UPILEX® S 


UPILEX® § 


Adhesive 
Toray #5900 
Toray #5900 


TOMOEGAWA 
E-type 

Toray #5900 
Toray #5900 


TOMOEGAWA 
E-type 
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Copper Foll 


Rolled copper 
Rolled copper 


Electro-deposited 
copper 

Rolled copper 
Rolled copper 


Electro-deposited 
copper 


Outer Lead 
Plating 


Tin 
Tin 


Tin 
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Properties of Materials: Properties of Hitachi 


TCP materials are as follows. 


1. Base film 


The properties of base film are shown in table 4. 
Hitachi currently adopts UPILEX®S, which 


2. Copper foil (copper wiring) 


The properties of rolled foil and electro-deposit- 
ed foil are shown in table 5. Hitachi plans to 
adopt electro-deposited foil due to its excellent 


exhibits high rigidity and super dimensional 
stability with respect to temperature changes 
compared with conventional KAPTON® V. 


elongation properties at room temperature (RT) 
compared with conventional rolled foil. 


Table 4 Properties of Base Film (See references I and 2, page 28) 


Property 

Coefficient of To 100°C 
linear expansion ze 
x 10-8/°C To 200°C 


Tensile modules (kgf/mm?) 


UPILEX® S 
(Ube Industries, Ltd.) 


0.8 
1.0 


e 


900 


Table 5 Properties of Copper Foil (See reference 3, page 28) 


Sampling 
Property Condition 
Tensile strength at RT Raw foil 
(kgf/mm2) 
Elongation at RT Raw foil 
(%) 


Tensile strength at 180°C Raw foil 
(kgf/mm?) 


Elongation at 180°C Raw foil 
(%) 


Note: Data from film suppliers. 


Rolled Foil 

(Hitachi Cable, Ltd.) 
CF-W5-1S-LP 

43.0 

1.0 

23.4 


77 


Number of measured samples: 2 pieces each 


1 kgf/mm2 = 9.80665 MPa - 
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KAPTON® V 
(D: Pont-Toray Co., Ltd.) 


2.6 


355 


Electro-Deposited Foll 

(Mitsui Mining & Smelting Co., Ltd.) 
3EC-VLP 

549 

10.1 

25.4 
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3. Adhesive peeling strength. 
The relationship between peeling strength — Adhesive TOMOEGAWA _E-type/electro- 
(adhesive/electro-deposited foil) and lead width deposited foil 
is shown in figure 2. Hitachi adopts the follow- — Adhesive Toray #5900/rolled foil 


ing two combinations because of their higher 


TOMOEGAWA |Electro-deposited 
E-type foil 


Toray #5900 Rolled foil 
TOMOEGAWA - 
E-type Rolled foil 





*Peeling strength (gf/100 ym) 


40/40 60/60 80/80 100/100 
(80 um) (1201) (160 4m) (200 um) 


Line width/space (jm) 
(pattern pitch) 


*Peeling strength 


— How to measure — 


Peeling C fol Measuring method: 90° peel 
direction i alla Measuring condition: 25°C 
Number of measured samples: 
Five pieces are measured for each 


specification, and two leads are 
measured for each piece. 





Figure 2 Relationship between Peeling Strength and Lead Width 
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TCP 
Fine-Pitch Bump Formation 


Bumps are essential in TCP products; they are the 
foundation of TAB technology and have excellent 
corrosion resistance in their structure. When the 
current trend toward high-performance chips with 
ultra-large pin-out began driving pad counts 


Straight-Wall Bumps (Fine-Pitch) 


100, 807 
70, 50° _ 30 | 


Notes: 1. UBM: Under Bump Metal 
2. Case of 80-um bump pitch 





upward (and reducing pad pitch), Hitachi was 
quick to develop a volume production process for 
forming fine-pitch bumps. 


Figure 3. shows the Hitachi TCP bump structure. 
Figure 4 shows a flowchart of the bump formation 
process. | 


Unit: mm 


Figure 3 Hitachi TCP Bump Structure 


| Al photolithography 


Passivation 


Through-hole photolithography 


— ee ee 0 0 mee 0 ormas] | Gi oman SEO 0 GS emus ©0 USD  mitinem tas oS 


UBM evaporation deposition 


Bump photolithography 


Gold plating 


Remove resist 





UBM etching 


Bump formation process 


Figure 4 Bump Formation Flowchart 
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TCP Fabrication Flow TCP Fabrication Process: The TCP fabrication 
process starts from wafers (or chips) with bumps, 

TCP Tape: TCP tapes are purchased from tape —_ and a patterned tape. After being bonded by a high- 

manufacturers. In many cases, the quality of TCP _ precision inner lead bonder, the chips are sealed in 

products depends critically on the quality of the —_ resin. Figure 5 shows the standard fabrication pro- 

tape, so in addition to evaluating constituent mate- —_ cess for TCPs used in Hitachi LCDs. 

rials, Hitachi strictly controls the stability of the 

tape fabrication process. 





Bump (gold) 


Bump formation 


Pelletizing 


inner Lead Bonding 
This step bonds the bumps on the chips to the inner leads formed by 
patterning. Gang bonding has been adopted as a standard procedure at 
Hitachi. 


Inner lead bonding 


Sealin 
. Sealing 


Chips are sealed in resin to ensure inner lead bonding strength. 
The standard bonding process employs a potting liquid resin which 
Marking | seals the chip. 


Resin Inner lead 


Inspection 


Shipping and packing 





Figure 5 Standard Fabrication Process for TCPs Used in Hitachi LCDs | 
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Packing 


Packing Format: TCP products are packed in 
moisture-proof packages. A reel wound with TCP 
tape is sealed in an opaque antistatic sheet with Np 
to protect the product from mechanical shock and 
then packed into a carton before delivery to ensure 


Separator 


Lead 


Conductive tape 


lx S 


2 INK 
t &S 


ca 
AW 


‘Label on the carton side 


Carton 


the solderability of lead plating. 


Labels which indicate the product name, quantity, 
and so on are placed on the reel, antistatic sheet, 
and carton. Figure 6 shows the TCP packing 
format. 


Antistatic sheet 


Silica gel 


Shock absorber 





Figure 6 Packing Format 
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Tape Specification: 
1. TCP tape — 40 m 


TCP 


Note: The lengths of the TCP tape, conductive 
tape, and separator may vary slightly 
depending on the quantity of the product on 


2. Lead tape — 2 +1/-0.5 m added to both ends of the tape. 


the TCP 
3. Conductive tape — 40 m 
4. Separator — 40 m 
5. Width of tape — 35 mm 


Units: mm 

Material: Styrene 

Dimensions without tolerance 
are design values. | 





Reel Specification: Figure 7 shows reel dimen- 
sions. 


For recycling purpose, we would appreciate it if 
you return the reel and separator to us after use. 


pe 
Fi 
Oo} 
Ts) 
N 
S 


Figure 7 Reel Dimensions 


HITACHI 47 








TCP 


TCP Winding Direction: Figure 8 shows one way 
of winding TCPs. The combination of two product 
directions when pulling it out from the reel and 
placement of the patterned face on either the front 
or back of the tape makes for four types of TCP 
winding directions. 


The winding direction is an essential specification 
which affects the chip punching machine and 
assembly equipment during the packaging process. 
As the wind direction differs according to the prod- 


uct, please check the delivery specification before 


using TCP. 


Product direction (two types) 


x 


Patterned face on either front or back (two types) 


Four types of TCP winding direction 





Magnification 
(example) 


Product 
(TCP tape) 


Conductive tape 


Separator 


Figure 8 Example of TCP Winding Direction 
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TCP Mounting Methods 


TCP Mounting Structure Basic Mounting Process 





Typical example of an LCM structure using TCPs _ See figure 10. 
is illustrated in figure 9. 


SOTO LUCE EE 2 CHEERED 2 CEE CEP EEE EEG 
EL IA, 





Note: * PCB: Printed Circuit Board 


Figure 9 LCM Structure 


<> LCD panel Punching 


ACF applied Single TCP 
TCP Prepress 
Thermocompression bonding 


= <> 


| 


Contact inspection 


Resin coating 
Lighting test 


Note: * ACF: Anisotropic Conductive Film 





Figure 10 TCP OLB (Outer Lead Bonding) Basic Flowchart 
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Process Outline 


An outline of LCM assembly process using TCPs 
is given in figure 11. 
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EPIL LRA ADL ALLL GAL ALLA EL LLL ISI RAD. 
ERIN EE AEA CNT EN INT IIS DRED 


SA 


SERRE 


_ ACF applied 


Applies ACF on LCD glass panel 
by thermal pressing. 














AE SE IES, ER 
LPL LAR ALI LISLE, PER LIRI IFO ILL AIS MRAP IOS 





LCD panel 


ACF 







PRR EL ISLS LSS SPA LI LISI AIST I ALS SALI ILS SOS IS 
ad 


TCP prepress 


Aligns the LCD panel and TCP 
patterns and temporarily 
connects them by low 
temperature and low pressure. 


Bi 


fe A a i 
ATED EET TD ELLE RARER KI, 





Thermo-compression 
bonding 





Se aL A AA ALAR LAE AMEE AELAERL ALLE SLES EEL EEREL EAE 
eR EE! 





Thermocompresses multiple 
TCPs to the LCD panel, which 
have been temporarily 
connected, by high temperature 
and high pressure either 

SUNT VOD at ie OE individually or all together. 


ESLER RRS 


& 


Soldering 


Joins output leads of TCPs and 
PCB patterns by soldering. 


a 
SUPUEREV ETI SSU EP UTE LL 22 TT 2 





PCB 
Figure 11 Outline of LCM Assem bly Process 
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TCP Mounting Conditions low connection resistance and high thermosta- 
| bility. 

Mounting TCPs on LCD Panels (See reference 4, 

page 28): ACF is an adhesive film that can connect Please select ACF depending on the type of appli- 

electrodes on an LCD glass panel with output leads —_—cation. 

of TCPs. There are two types of ACFs: 





1. Selection of ACF thickness 
¢ One whose thermosetting and thermoplastic 


properties make handling easier (such as in An appropriate ACF thickness must be selected 
repair) and reduces the stresses caused by tem- depending on the height, line width and space 
perature changes. width of the circuit to be connected; a rough 
calculation formula for obtaining a proper ACF 

e One whose thermosetting properties provide thickness is shown below. 


Electrode 


“Glass substrate 


BZA NK QW 
GJ) oe 


S; + So 


2 
ACF thickness before connection to = ar Oe xT+t, +a 


: ACF thickness after connection (2 um) 

Circuit height 
Pitch | 

: Space width (top) 

: Space width (bottom) 
Correction value 
AC-6073, AC-6103 — 0.15T 
AC-7104, AC-7144 — 0.25T 


Incomplete filling can occur in the space if ACF thickness is too thin, while if too thick, connection 
reliability becomes poor since conductive particles are not flattened out. It is necessary to select an 
appropriate ACF thickness. Some adjustment of ACF thickness can be controlled by bonding 
conditions (especially pressure). 
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2. Laminating and bonding conditions 
It is necessary to optimize bonding conditions 


according to ACF, TCP and glass panel specifi- 
cations. The bonding conditions adopted by 


Table 6 Bonding Conditions of ANISOLM® 


Laminating | Temperature 


Pressure 
Time 


Note: * 1 MPa = 1.01972 x 10-1 kgf/mm2 





ANISOLM® (Hitachi Chemical Co., Ltd.) are 
shown in table 6 for reference. Please determine 
your optimum bonding conditions based on the 
following. 


Mixture of 
Thermosetting and | Thermosetting 
Thermoplastic 


Resolution ee Fey 7 EY TO PSE TOSS 
[um mn jso| | so} | 35 | 
| Thickness | wm =| a2 | aie | as | 6 | 


Remarks 


Temperature on 
ANISOLM® 


170 to 190 160 to 180 Temperature on 
| ANISOLM® 
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Measuring Method of ACF Temperature Profile (example) 





Heating head 
Silicone rubber (0.2 to 0.3mm) 


Lith ti lltibl lee 


BWA QASESBBA-BWABRAEA™ 


— Final temperature 


Es 
@ 
2 
® 
a 
E 
$ 
@ 
= 
woud 
e) 
2 
=z 
< 


20s Time (s)_ ——>> 


Temperature after 5 sec should be over 90% of final 
temperature (°C) 





Figure 12 Bonding Temperature Profile 
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Soldering Conditions: Solder TCPs on the PCB __ case, copper foil of leads may become exposed. 
under the following conditions. If soldering tem- Please determine adequate soldering conditions for 
perature is low, solder may not melt. However, if | mass production carefully. 

soldering temperature is too high, solder may not : 
adequately spread over the leads owing to their ° Soldering temperature (at solder joint): 230 to 


oxidized surfaces, and/or the leads plating may 260°C 
become attached to the heating collet. In the latter  * Soldering time: 10 seconds max. 


230 to 260°C 


10 seconds (max.) 


_ Temperature at solder joint (°C) 


—_—_________ 


Time (second) 


Note 1: Temperature at solder joint is normally 30 to 50°C lower than the heating collet tempera- 
ture. Soldering temperature has a great impact on the quality of the products. Operating 
conditions should therefore be specified after examining the temperature relationship 
between the tip of the heating collet and solder joint. 


Heating collet 

Base film 
Outer lead 
Solder joint 


Footprint 
PCB 
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Note 2: In case of soldering quad type TCPs, please fix the TCPs using vacuum collets or equiva- 
lent to prevent base film warpage and circuit position misalignment. 


Vacuum collet 
Heating collet 


LSI die Outer lead 


Base film 


o o 


| LF 1 CS Oe a A a a A Fa a A EP A ST a A, UE A A 


Footprint 


PCB 


Vacuum collet 


IRSRSRRRERRRRRERRERRERERERERERAS HI 
ts eo 


Heating collet 


LTT ; uy 
— 
Ss £ ie 


PERTRUEREERTLEUUEL 
PETE 
DELETE ARETE 
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Storage Restrictions 


1. 


Packed TCP products should be used within six 
months. 


. TCP products removed from the antistatic sheet 


should be stored in Nz having a dew point of 
—30°C or lower. However, they should be used 
as soon as possible after removal, because sol- 
derability of leads plated with Sn or solder 
decreases with time. 


Handling Precautions 


Electrical Handling 


1. 


Anti-electrostatic discharge measures 


TCP products require the following care beyond 
what is required for non-TCP products. 


¢« Give special attention to ion-blow and 
grounding especially when removing TCP 
products from the reel, since they easily col- 
lect static electricity because of the base film. 
If TCP products become charged, discharge 
the electricity little by little using the ion- 
blow; rapid discharge may damage the 
devices. | 


e Handle the product so that static electricity is 
not applied to outer leads. Depending on the 
equipment used, this may require taking 
proper anti-electrostatic discharge measures, 
such as not allowing the tapeguide to contact 
the outer leads. 


2. Outer lead coating 


56 


Outer leads should be coated with resin or other 


appropriate materials to prevent short-circuits | 
and disconnections due to corrosion. Conduc- 
tive foreign particles can easily cause short- 
circuits since lead spacing for TCP products is 
much narrower than that for non-TCP products. 
Disconnections from corrosion can also easily 
occur due to solder flux or similar materials 
adhering to leads while mounting the products 
on a board. This is because TCP product leads 
are formed by bonding very thin copper foil to 
the base film in order to attain high-density 
mounting. 


. To prevent electric breakdown when mounting 


TCP products on a board, do not allow any elec- 
trical contact with the die’s bottom surface. 
These types of failures easily occur since TCP 
products have a bare Si monocrystal on the die’s 
bottom surface in order to make the product as 
thin as possible. 


To prevent degradation of electrical characteris- 
tics, do not expose TCP products to sunlight. 


Mechanical Handling 


1. To prevent die. cracks when mounting TCP 


products on a board, do not allow any physical 
contact with the die’s bottom surface. These 
types of failures easily occur since TCP prod- 
ucts have a bare Si monocrystal on the die’s bot- 
tom surface in order to make the product as thin 


as possible. 


. Handle TCP products carefully to avoid bending 


the leads from base film transformation. 


. Do not bend TCP products since this may cause 


cracks in the solder resist. 
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4, Punching 


Punching the continuous base film to extract 
single TCP products requires the following care. 


e Align each product correctly according to 
tape perforations (sprocket holes). 


¢ Use a metal punching die with pressing 
installation to prevent resin cracks and 
reduce cutting stresses in the outer leads. 
(Refer to figure 13.) 


Punching die without 
pressing installation 


TCP 


¢ Determine the punching position so that the 


cutting edge does not touch the molding area 
based on the relationship between maximum 
molding area (specified in the design draw- 
ing) and the punching die accuracy. 


Punch TCP products in the section where outer 
leads are straight (not slanted) to prevent short- 
circuits caused by conductive particles. (Refer 
to figure 14.) 


Punching die with 
pressing installation 


Pressing installation 





Figure 13 Punching Die 





No punching area 


Margin area 


Punching area 


Figure 14 Punching Position 
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5. Mounting structure ¢ Thermal stresses 

Copper foil can easily break even from a small LCM consists of glass, TCPs and a glass- 
physical stress because of its thinness needed to epoxy substrate having their respective coef- 
accommodate fine patterns. Large stresses ficients of thermal expansion (CTE). This 
should therefore not be applied to the copper difference in expansion effects may cause 
foil when mounting TCP products on a board. “thermal stresses” that especially concentrate 

in TCPs. The joining structure of LCMs is 
* Bending stresses roughly shown in figure 16. Before begin- 


ning mass production, investigate and deter- 
mine a joining structure that reduces thermal 
stresses so as to prevent contact and other 
defects from occurring. 


When the edges of a die and a PCB are 
aligned, resin cracks may occur due to bend- 
ing stresses. To avoid this problem, locate the 
board closer to the LCD panel so that it can 


support the molded part of the package. 6, Do not stack more than ten cartons of products. 
(Refer to figure 15) 


7. Do not subject cartons to high physical impact. 


Move the PCB closer to the LCD panel 


Bending Stresses Applied No Bending Stresses Applied 





Figure 15 Positioning of Mounting TCPs on a PCB 


LCM is composed of 
various materials having 
their respective CTEs. 








Figure 16 Joining Structure of LCM 
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Correction of ITO (Indium Tin Oxide) Electrode 
Pitch: TCP. products expand by absorbing 
moisture or heat during storage and assembly. 
Pitch correction for the ITO electrode should be 
performed based on the TCP dimensions after it is 
mounted on a conductive film. However, if ITO 
pitch correction is performed based on TCP dimen- 
sions before mounting, it must be based on data 
measured after removing TCP products from the 
package and storing at a temperature of 20 to 25°C 
and a humidity of 50 to 70% RH for 48 hours. 


Correct the ITO electrode pitch depending on the 
bonding equipment and conditions used. 


TCP 


Miscellaneous 


1. Do not heat the lead tape and separator; they 
have poor heat-resistivity and will expand. 


2. Do not subject TCPs to high temperature for a 
long period of time while cleaning or other 
operations; copper foil may peel off due to the 
rapid deterioration of adhesion between the cop- 
per foil and base film. — 


3. Carrier tapes have some waviness that may 
cause problems in tape transport. Use a 
tapeguide or equivalent to secure the tape. 


; Output dimension after TCP is joined to ACF ° 


Output dimension (mm) 


48 nours 


~~, 
3 
—— 
@® 
— 
© 
3 
= 
oS 
@ 
& 
oO 
7) 
2 
= 


Measured sample: HD66214TA7 (Base film: 75 ym UPILEX® Ss) 
Number of measured samples: 5 pieces 
Storage conditions: 25 +5°C, 50 to 60%RH 


18.68 


Before sealing 
in a carton 


a. 
plllbaceenee 
after unsealing 





50 100 200 
Storage time (hours) 


Figure 17 Dimensional Change of Output 


HITACHI - 














TCP 


TCP Standardization 


The “Tape Carrier Package W/G” in _ the 
Semiconductor External Standards Committee of 
the EIAJ (Electronics Industries Association of 
Japan) has standardized TCPs having leads on four 
sides (EIAJ ED-7431(’93.4)). The standardization 
WIG, which is composed of various semiconductor 
manufacturers including Hitachi, tape manufactur- 
ers, and socket manufacturers, is taking a compre- 
hensive approach. 


EIAJ has adopted metric control standard against 
JEDEC"’s inch control standards (UO-017) and has 


determined standards based on the following two. 


items: 


e Fixed test pad layout, variable package size 


Quad Tape Carrier Package (QTP) 
1. Tape width: 35, 48, 70 mm 


e Fixed package size, variable terminal pitch 


Accordingly, users can share the socket by decid- 
ing the width of tape and the test pad pitch. As 
JEDEC has already agreed to the metric-control 
TCP (UQ-018), Hitachi is now making efforts to 
produce metric-control TCPs. 


The basic concept of TCP having leads on four 
sides by EIAJ is shown below. Standardization of 
TCP having leads on two sides is also under dis- 
cussion. 


Note: * JEDEC: 
Joint Electronic Device Engineering 
Council. 


EIAJ ED-7431 


2. Package size: 35 mm 14 x 14, 16 x 16, 18 x 18, 20 x 20 | 
48 mm 16 x 16, 20 x 20, 24 x 24, 26 x 26, 28 x 28 
70 mm 24 x 24, 28 x 28, 32 x 32, 36 x 36, 40 x 40 


. Test pad pitch: 0.5, 0.4, 0.3, 0.25 mm 


4, Outer lead pitch: 0.5, 0.4, 0.3, 0.25, 0.2, 0.15 mm 


Super 


. Sprocket-hole type: 35 mm 
. 48 mm wide, Super 
70 mm wide, Super 


. Number of test pads: Fixed maximum number of test pads, regardless of the outer lead 


count. 


For 35-mm tape: 196 for 0.5 pitch; 244 for 0.4 pitch. 
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Reference Materials 


TCP Mounting Equipment Manufacturer 





Manufacturer: Hitachi Chemical Co., Ltd. 


Area Address Tel No. Fax No. 
USA Hitachi Chemical Co., America, Ltd. (914) 934-2424 (914) 934-8991 


4 International Drive, Rye Brook, 
NY 10573, U.S.A. 


Europe Hitachi Chemical Europe Gm bH. (211) 35-0366 to9 (211) 16-1634 
immermmstr. 43, D-4000 
Disseldorf 1, F. R. Germany 


S.E. Asia Hitachi Chemical Asia-Pacific Pte, Ltd. 337-2408 337-7132 
51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 0718 


Taiwan Hitachi Chemical Taipei Office (2) 581-3632, (2) 521-7509 
Room No. 1406, Chia Hsim Blidg., (2) 561-3810 
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 

Beijing Hitachi Chemical Beijing Office (1) 501-4331 to2 (1) 501-4333 
Room No. 1207, Beijing Fortune Building, 
5 Dong, San Huan Bei-Lu, Chao Yang 
District, Beijing, China 

Hong Kong Hitachi Chemical Co. (Hong Kong) Ltd. (3) 66-9304to7 (3) 723-3549 


Room 912, Houston Centre, 63 Mady Road, 
Tsimshatsui East, Kowloon, Hong Kong 
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Manufacturer: Matsushita Electric Industrial Co., Ltd. 


Area Address | 

USA | Panasonic Factory Automation 

(Illinois) Company | 

Deutschland Panasonic Factory Automation 
Deutchland 

Asia Matsushita 

(Japan) Manufacturing Equipment D. 


Manufacturer: Shinkawa Co., Ltd. 


Area Address 


U.S.A. MARUBENI INTERNATIONAL 
ELECTRONICS CORP. U.S.A. 
3285 Scott Blvd, Santa Clara, 


CA. 95054 
Singapore, MARUBENI INTERNATIONAL 
_ Malaysia, ELECTRONICS CORP. SINGAPORE 

Thailand 18 Tannery Lane #06-01/02, 

| _Lian Teng Building, SGB 1334 
Korea, MARUBENI HYTECH CORP. 
Hong Kong, Japan 
China, 20-22, Koishikawa 4-chome, 
Taiwan, Bunkyo-ku, Tokyo 112, Japan 
Philippine, 
Brazil | | 
Europe MARUBENI! INTERNATIONAL 


ELECTRONICS EUROPE GMBH 
Niederrhein STR, 42 4000 
Disseldorf 30 Federal Republic of Germany 


ee HITACHI 


Tel No. Fax No. 
(708) 452-2500 


(040) 8549-2628 


(0552) 75-6222 


Tel No. Fax No. 
408-727-8447 408-727-8370 
741-2300 741-4870 


(03)-3817-4952  (03)-3817-4959 


0211-4376-00 0211-4332-85 


TCP 


Manufacturer: Kyushu Matsushita Electric Co., Ltd. 





Area Address Tel No. Fax No. 

CHICAGO 1240 Landmeier Rd. (708) 822-7262 (708) 952-8079 
Elk Grove Village, IL 60007 | 

ATLANTA 1080 Holcomb Bridge Rd. (404) 906-1515 (404) 998-9830 


Building 100, Suite 300 
Roswell, Georgia 30076 


San Jose 177 Bovet Road, Suite 600 (415) 608-0317 (415) 341-1395 
San Mateo, CA 99402 | 

LONDON 238/246 King Street, London W6 ORF (081) 748-2447 (081) 846-9580 
United Kingdom 

SINGAPORE 1 Scotts Road, #21-10/13 Shaw Centre 7387681 7325238 
Singapore 0922 

SEOUL 2ND Floor, Donghwa Bidg. (02) 571-2911 (02) 571-2910 
454-5, Dokok-1 Dong, Kangnam-Ku, 
Seoul, Korea 

TAIWAN 6TH, FL., 360, FU HSING 1ST ROAD, (03) 328-7070 (03) 328-7080 
KWEISHAN, TAOYUAN HSIEN, (03) 328-7090 
TAIWAN | | 

MALAYSIA KUALALUMPUR BRANCH (03) 291-0066 (03) 291-8002 


8TH FLOOR, WISMA LEE RUBBER, 
JAPAN MELAKA, 50100 


KUALALUMPUR 

BANGKOK 20TH FL., Thaniya Plaza Bldg, 52 (02) 231-2345 (02) 231-2342 
Silom Road, Bangrak, BANGKOK, 
10500 THAILAND 





Manufacturer: Japan Abionis Co., Ltd. 


Area Address Tel No. Fax No. 
Worldwide Overseas Department 81-3-3501-7358 81-3-3504-2829 


Contact: Mr. K. Asami, or Mr. K. Ito 
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TCP Tape Manufacturers 
Manufacturer: Hitachi Cable Lid. 
Area Address 
“U.S.A. HITACHI CABLE AMERICA INC. 
Europe HITACHI CABLE 
INTERNATIONAL, LTD. (LONDON) 
Sigapore HITACHI CABLE 
| INTERNATIONAL, LTD (SINGAPORE) 
HongKong —- HITACHI CABLE 
| INTERNATIONAL, LTD (HONG KONG) 
Manufacturer: Mitsui Mining and Smelting Co., Ltd. 
Area Address 
U.S.A. MITSUI! MINING AND 
| SMELTING CO. (USA) INC. 
Europe MITSUI MINING AND | 
SMELTING CO., LTD. 
London Office 
Asia MITSUI MINING AND 
SMELTING CO., LTD. 
MICROCIRCUIT DIVISION © 
Manufacturer: Shindo Company Ltd. 
Area Address 
U.S.A. SHINDO COMPANY LTD., 


U.S. BRANCH OFFICE 
2635 NORTH FIRST ST., STE. 124 
SAN JOSE, CA 95134 U.S.A. 


Tel No. 
1-914-993-0991 
001-44-71-439-7223 


001-65-2681146 


001-852-721-2077 


Tel No. 
212-679-9300 to 2 


71-405-7717 to 8 


03-3246-8079 


Tel No. 
408-435-0808 


Fax No. 
001-1-914-993-0997 
001-44-71-494-1956 


001-65-2680461 


001-852-369-3472 . 


Fax No. 
212-679-9303 


771-405-0227 


03-3246-8063 


Fax No. 
408-435-0809 





TCP 
Aeolotropy Conductive Film Manufacturers 


Manufacturer: Hitachi Chemical Co., Ltd. 


Area Address , Tel No. Fax No. 


USA Hitachi Chemical Co., America, Ltd. (914) 934-2424 (914) 934-8991 
4 International Drive, Rye Brook, 
NY 10573, U.S.A. 


Europe Hitachi Chemical Europe GmbH. (211) 35-0366 to9 (211) 16-1634 
Immermannstr. 43, D-4000 
Dusseldorf 1, F. RR. Germany — 


| S.E. Asia Hitachi Chemical Asia-Pacific Pte, Ltd. . 337-2408 337-7132 
51 Bras Basah Road, #08-04 
Plaza By The Park, Singapore 0718 


Taiwan Hitachi Chemical Taipei Office. (2) 581-3632, (2) 521-7509 
| Room No. 1406, Chia Hsin Bidg., (2) 561-3810 
No. 96, Sec. 2, Chung Shang Road N, 
Taipei, Taiwan 
Beijing Hitachi Chemical Beijing Office (1) 501-4331 to2 (1) 501-4333 
Room No. 1207, Beijing Fortune Building, 


5 Dong, San Huan Bei-Lu, Chao Yang 
District, Beijing, China 


Hong Kong Hitachi Chemical Co. (Hong Kong) Ltd. (3) 66-9304 to 7 (3) 723-3549 
Room 912, Houston Centre, 63 Mady Road, 
Tsimshatsui East, Kowloon, Hong Kong 





Manufacturer: Sony Chemicals 


Area Address Tel No. Fax No. 
U.S.A. SONY CHEMICALS 1-(708) 616-0070  1-(708) 616-0073 
CORPORATION OF AMERICA 
Europe | SONY CHEMICALS 31-20-658-1850 31-20-659-8481 
EUROPE B.V. | 
Southeast SONY CHEMICALS ——- 65-382-1500 65-382-1750 
Asia SINGAPORE PTE LTD. 
References 
1. KAPTON® V Catalog Du Pont-Toray Co., Ltd. 
2. UPILEX® S Catalog Ube Industries, Ltd. 
3. Electro-deposited Foil Comparison List Mitsui Mining Smelting Co., Ltd. 
Electronic Devices Group 
4. Hitachi Anisotropic Discharge Film Hitachi Chemical Co., Ltd. 
 -1992.7.21 
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Table 7 Hitachi Standard TCP Product Specifications 

























































































User Pattern 

Output Leed Output Lead input Lead input Lead Area Width solder 
No.of Pitch Length Pitch Length  inputLead xX Y Resist Width Product Tape 
‘No. Product Function Outputs (um) (mm) (um) (mm) Arrange’! (mm) (mm) (mm) Length*2 Material®S Piating 
1 HD66107T0O LCD driver 160 280 25 800 2.0 A 50.20 20.25 46.80 12 K Sn 
2 _HD66107T01 LCD driver 80. 280 2.5 800 2.0 A 32.00 20.25 28.00 12 K Sn 
3 _ HD66107T11_LCD driver 160 180 3.3 800 25 A 32.42 20.00 31.60: 8 K Sn 
4 _ HD66107T12_ LCD driver 160 250 33 goo 5 A 43.50 20.00 42.40 10 K Sn 
5 _ HD66107T24 LCD driver - 160 190 3.3 800 2.5 A 32.52 20.00 31.60 8 U Sn 
6 _ HD66107T25 LCD driver 80 280 2.5 800 2.0 A 32.00 20.25 28.00 8 K Sn 
7 _ HO66108T0O LCD driver 165 400 2.0 400 20 c...Uw.;UlU = —_ —_ 8 K Sn 
8 _HD66300T00 TFT analog driver 120 300 2.9 800 3.0 A 46.00 21.50 46.20 10 K Sn 
9 _HD66310T00 TFT Slevel grayscale 160 180 3.0 650 25 A 33.40 21.00 31.95 8 K Sn 
10 __HD66330TAO TFT 64 level gray scale 192 160 3.5 650 1.5 A 35.30 11.70 33.60 4 U Sn 
11 HD66214TA1 Column LCDdriver 80 150 3.0 800 22 A 15.75 10.50 13.60 3 U Sn 
12 HD66214TA2 ColumnLCDdriver 80 180 3.0 800 22 A 18.30 10.50 18.40 3 U Sn 
13 HD66214TA3 CoumnLCDdriver 80 200 25 800 22 A 20.00 9.80 19.80 3 U Sn 
14 HD66214TA6 Column LCD driver 80 200 2.3 450 2.0 B 22.70 8.00 22:50 3 U Sn 
15 HD66214TASL Column LCD driver 80 220. 2.3 450 1.8 B 22.70 8.00 22.50 2 U Sn 
16 HD66205TA1 Common LCD driver 80 150 | 3.0 800 2.0 A 15.75 14.70 13.40 4 U Sn 
17 HD66205TA2 Common LCD driver 80 180 29 800 2.0 A 18.30 14.70 16.40 4 U Sn 
18  HD66205TA3 Common LCD driver 80 200 3.0 800 2.0 A 20.00 14.70 17.80 4 U Sn 
19 HD66205TA6 CommonLCD driver 80 220 28 700 1.8 B 22.70 12.50 18.20 4 U Sn 
20 HD66205TA7 CommonLCD driver 80 250 2.8 700 1.8 B 24.25 12.50 18.20 4 U Sn 
21 HD66205TASL Common LCD driver 80 220 28 700 1.8 B 22.70 12.50 18.20 3 U Sn 
22 HD66224TA1 ColumnLCDdriver 80 210 3.2 800 1.2 A 20.30 8.20 18.00 2 U Sn 
23  HD66224TA2 ColumnLCD driver 80 200 3.3 780 43 A 18.40 9.00 17.80 3 U Sn 
24 HD66224TBO Column LCDdriver 80 200 2.5 650 1.5 A 18.20 7.80 17.40 2 U Sn 
25 HD66215TAO CommonLCD driver 100 230 2.0 1200 17 A 25.60 11.90 24.40 3 U Sn 
26 _HD66215TA1 CommonLCDdriver 101 220 3.0 1000 1.8 As 25.00 —-:10.80 24.40 3 U Sn 
27 HD66215TA2 CommonLCDdriver 100 ‘180 40 850 1.5 A 20.40 11.40 19.80 3 U Sn 
28 HD66110TA4 ColumnLCDdriver 160 80 28 500 1.5 A 15.60 9.66 15.00 4 U Sn 
29 HD66110RTAS Column LCD driver ‘160 140 3.2 600 20 A 25.00 10.85 15.00 4 U Sn 
30 HD66110RTBO Column LCD driver 160 92 3.8 500 2.0 A 15.60 11.90 15.10 4 U 
31 HD66110RTB1 Column LCD driver 160 92 24 500 1.2 A 15.60 9.00 15.10 4 U Sn 
32 HD66115TAO CommonLCD driver 160 180 3.0 800 2.0 A 92.40 11.00 31 3 U Sn 
33 HD66115TA1 CommonLCDdriver 160 250 42 800 2.0 A 44.00 13.70 42.9 4 U Sn 





Notes: 1. Input lead arrange: A = Straight, B = Divided, C = Directions 
2. Number of perforations 
3. Tape material: K = Kapton, U = Upilex 
"Kapton" is a trademark of Dupont, Ltd. 
“Upilex” is a trademark of Ube Industries, Ltd. 
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‘Notes: 1. Dimensional tolerances are 0.1 mm uniess otherwise noted. 
2. The figure below shows a cross sectional! view of the outer lead bonding area. 
3. Mark shail be stamped on potting resin. 
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Figure 18 Hitachi Standard TCP 1 — HD61107T00 — 
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3. The figure below shows a cross sectional view of the outer lead bonding area. 


2. Dimensional tolerances are £0.1 mm unless otherwise noted. 


Notes: 1. Mark shail be stamped on potting resin. 
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Figure 19 Hitachi Standard TCP 2 — HD66107T01 — 
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Figure 20 Hitachi Standard TCP 3 — HD66107T11 — 
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Figure 21 Hitachi Standard TCP 4 — HD66107T12 — 
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2. The figure below shows a cross sectional view of the outer lead bonding area. 


Notes: 1. Dimensional tolerances are t0.1 mm unless otherwise noted. 
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Figure 22 Hitachi Standard TCP 5 — HD66107T24 — 
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3. The figure below shows a cross sectional view of the outer lead bonding area. 


2. Dimensional tolerances are +0.1 mm uniess otherwise noted. 


Notes: 1. Mark shail be stamped on potting resin. 


Copper leaf 


Adhesive agent 


Tape 


unfit mm 


Figure 23 Hitachi Standard TCP 6 — HD66107T25 — 


HITACHI 


72 





TCP 








HE 


win~w)} 
Samo 









se 
a 





Nam 





v= _ toce 
al ko 


‘i Fe eleleloleleleleleelelelelsls ae 
et ee l i—e ee, 


“i | | 1" 
| | acy vA 
Li. . 












in 
AAAS 


LS gh ah oh 2 





. Hole center 


10.30.05 


Copper leaf (pattern) re Molding material Solder resist 





Note 1: Mark specifications 
Group Code 


A Only the year, month, and week code 


B The year, month, week code, and “P* 
UN1T imm 


* Intersection dimensions are to be read from the figure unless otherwise noted. 

* Dimensional tolerances are +0.1 mm unless otherwise noted. 

* Tolerance for deviation between pattern and hole centers is +0.05 mm. 

* Amark is stamped on the shaded area, which is to the right of the moided area within the solder 


resist. 


Figure 24 Hitachi Standard TCP 7 — HD66108T00 — 
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Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. Mark shall be stamped on potting resin. 
3. The figure below shows a cross sectional view of the outer lead bonding area. 
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Figure 25 Hitachi Standard TCP 8 — HD66300T00 — 
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Notes: 1. Tolerances are +0.1 unless otherwise indicated. 
2. The lead cross section of outer lead contact sections is as shown below. 
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Figure 26 Hitachi Standard TCP 9 — HD66310T00 — 
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Expanded view of section A 
Notes: 1. Dimensional tolerances are 0.1 mm unless otherwise noted. 
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2. The figure below shows a cross sectional view of the outer lead bonding area. 


Figure 27 Hitachi Standard TCP 10 — HD66330TA0 — 


HITACHI 


76 










User pattern area 1575) 


LJ 
2 
Ce ee ee 





woOnHnnHRoOoOmMDoUAMhHs vA 5 | i aT he 
Ail TA FRRN TS Tl | Hol taf {0 
TA LPL nies 


Copper leaf (pattern) Molding material Solder resist 


oo a nn a ae aro ae ae a a a a mn 


Notes: 1. Dimen ssrorsteaiatncche +0.1 mm unless othe ted. 
2. The figure below shows a cross sectional view ofthe ous lead bonding ar 
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Figure 28 Hitachi Standard TCP 11 — HD66214TA1 — 


HITACHI 


TCP 














TCP 





Copper leaf (pattern) Moiding material Solder resist 





Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 
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Figure 29 Hitachi Standard TCP 12 — HD66214TA2 — 
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Figure 30 Hitachi Standard TCP 13 — HD66214TA3 — 
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Notes: 1. Dimen: tolerances ai Sp hain nles: ie ai _ 
2. The fin deed ie bane section avi of the outer lead bonding area. 


Figure 31 Hitachi Standard TCP 14 — HD66214TA6 — 
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Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 


Copper leat 
Adhesive agent 
Film 


Figure 32 Hitachi Standard TCP 15 — HD66214TA9L — 
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Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
5 ths sgune bace sow cross sectional view of the outer lead bonding eree. 





Figure 33 Hitachi Standard TCP 16 — HD66205TA1 — 
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Notes: 1. dt nal tolerances are +0.1 mm unless othe erwise no! ted. 
2.T ra tigre 3 belo shows a cross sectional view of the outer lead bonding area 
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Figure 34 Hitachi Standard TCP 17 — HD66205TA2 — 


HITACHI » 83 











TCP 


User pattern. area 





aan aes 
Jeg adggdgdaduididagdaigiggaigh 
anh : 


ZL ease woyed sesq 


| aa 


Copper leaf (pattern) Molding material Solder resist 





Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 
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Figure 35 Hitachi Standard TCP 18 — HD66205TA3 — 
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Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 
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Figure 36 Hitachi Standard TCP 19 — HD66205TA6 — 
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Figure 37 Hitachi Standard TCP 20 — HD66205TA7 — 
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Figure 38 Hitachi Standard TCP 21 — HD66205TA9L — 
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Note 1: Dimensional tolerances are +0.1 unless 
otherwise specified. - 


2: The figure below shows a cross-sectional 
view of the outer lead bonding area. 
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However, the width of the dummy leads (one each) 
for both sides of the outer leads shall be 0.105 +0.03. 
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Figure 39 Hitachi Standard TCP 22. — HD66224TA1 — 
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view of the outer lead bonding area. 
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2: The figure below shows a cross-sectional 
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Figure 40 Hitachi Standard TCP 23 — HD66224TA2 — 
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2: The figure below shows a cross-sectional | 
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view of the outer lead bonding area. 
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Figure 41 Hitachi Standard TCP 24 — HD66224TB0 — 
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' Figure 42 Hitachi Standard TCP 25 — HD66215TA0 — 
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Notes: 1. Dime are +0.1 mm unless otherwi: 


noted. 
2. The oor senna sheaia cross soak al vie wakes outer lea oe area, 
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‘Figure 43. Hitachi Standard TCP 26 — HD66215TA1 — 
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Moiding material Solder resist 


Copper leaf (pattern) 





Notes: 1. Dimensional tolerances are t0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 


Copper leaf 





Figure 44 Hitachi Standard TCP 27 — HD66215TA2 — 
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Notes: 1. Dimensional tolerances pepcschyuieiolerperhagegiarge noted. 
= The flare moon shows 4 sectional view of the outer lead bonding area. 





Figure 45 Hitachi Standard TCP 28 — HD66110TA4 — 
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3. 4.4 40.01 is taken as the SR management target value. 


Figure 46 Hitachi Standard TCP 29 — HD66110RTA8 — 
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Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted. 
2. The figure below shows a cross sectional view of the outer lead bonding area. 
3. Solder resist exposure of the output side outer lead outermost line (dummy lead) is allowed. 
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Figure 47 Hitachi Standard TCP 30 —HD66110RTBO — 
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.Copper leat (pattern) Molding material Solder resist 
(thickness: 25 um) 








Yuupirex??? (thickness: 75 ym) 


Notes: 1. Dimensional tolerances are +0.1 mm unless otherwise noted, 
2. The figure below shows ; a cross sectional view of the outer lead bonding area. 


Copper leaf (thickness: 25 ym). 
Adhesive agent 
Film 


Figure 48 Hitachi Standard TCP 31 — HD66110RTBI — 
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1. Dimensional tolerances are +0.1 mm unless otherwise noted. 


Notes: 





2. The figure below shows a cross sectional view of the outer lead bonding area. 
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Figure 49 Hitachi Standard TCP 32 — HD6611STAO — 
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Notes: 1, Dimensional tolerances are +£0.1 mm unless otherwise noted. 
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Figure 50 Hitachi Standard TCP 33 — HD66115TA1 — 


Chip Shipment Products 


COB (chip on board) and COG (chip on glass) 
products form only a small percentage of the thin 
form and miniature mounting products shipped. 
However, these products, which are referred to 
here as “chip shipment products”, involve shipping 
unmounted chips from the factory. 


Since chip shipment products are treated as semi- 
finished products, there will be differences 
_ between their quality guarantee ranges and electri- 
cal characteristics items and those published for the 
packaged (1.e., complete) products. The differences 
in the quality guarantee ranges, electrical charac- 
teristics items, and visual inspection are described 
in the CAS (customer approval specifications). 
Product functionality and operation is completely 
identical to the complete (packaged) product. 


This section describes the standard shipment speci- 
fications for chip shipment products. The actual 
shipment stipulations will be those mentioned or 
stipulated in the CAS for the individual products. 


1. Electrical Characteristics and 
Quality Level 


As mentioned above, the quality guarantee ranges 
and electrical characteristics for chip shipment 
products differ from those for standard products. 
Refer to the CAS for the individual products for 
specific details. 


The basic differences are as. follows. 
1.1 Electrical Characteristics 


The electrical characteristics for chip shipment 
products are guaranteed at the single point 
T, = 75°C. 


1.2 Quality Level 


Electrical characteristics: AQL 4.0% 
Visual inspection: AQL 4.0% 


(The specific details for visual inspection and other 
items are contained in the CAS.) 


5a HITACHI 


2. Chip Packing Specifications 
2.1 Delivery Units 


Delivery unit counts (lot size) range from a mini- 
mum of 100 units to 10,000 units. 


2.2 Packing Specifications 


Trays are vacuum packed and sealed with up to 24 
trays in a single pack. All the chip products in a 
given pack will be from the same production lot. 
Figure 1 shows the chip shipment product packing. 
Chip products.are stored in the trays protected by a 
sheet of protective paper. 


2.3 Markings 
The following items will be marked on each tray. 


1. Product number 

2. Lot number 

3, Count 

4. Inspection certification seal 


The following items will be marked on each pack. 


1. Product number 

2. Disbursement lot number 
3. Count 

4. Inspection certification seal 


The following items will be marked on the outer 
packing. 


1. Product number 
2. Disbursement lot number 
3. Count 


4. Inspection certification seal 


If possible, please return empty trays to your 
Hitachi sales representative. 


3. Storage Specifications 


After delivery and after opening the transport pack- 
aging, chip shipment products must be stored in a 
manner that does not cause their electrical, physi- 
cal, or mechanical properties to degrade due to 
humidity or reactive gas contamination. 


We recommend the following storage conditions 
for these products. 


Chip Shipment Products 








3.1 .When Stored in the Packed State 3.2 When Stored after Die Bonding or Wire 
Bonding 
Storage conditions: In dry Nitrogen, at —30°C 
| (30 degrees below zero, Storage condition 1: Temperature: under 30°C, 
Celsius) : Humidity: under 70%, 
Storage period: Six months Airborne particles: less than 
5000 per cubic foot 
The date of the inspection certification seal shallbe Storage period 1: Seven days 
used as the start of the storage period. Storage conditions 2: In dry Nitrogen, at -30°C 


Storage period 2: 20 days 


Cardboard box (cover) 


Product tag 


Urethane foam 


Product tag 


Product tag 


Urethane foam 
Vacuum pack 


Cardboard box 


HD44780SA00D, HCD66702, 
HD44102D, HD44105D, 
HD61202D, HD61203D, 
HD61104AD, HD61105AD, 
HD66106D 


49 pcs// 
tray 
: HD44100D, HD66100D, 
| 64 pes/| HCD66204, HCD66205 
51 4 a 


Chip tray (Unit: mm) 


MMA 





Figure 1 Chip Packing 
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Chip Shipment Products 
4. Chip Shape Specifications 
See figure 2. 


5. Products Available as Chip Shipment 
Products 


Hitachi, Ltd. currently provides the products listed § 19 show their respective chip sizes and bonding 
in table 1 as chip shipment products. Figures 3 to _ pad layouts. 


Table 1 Chip Shipment Product Table 


© 0 MOAN OO Ff WwW 


Figure No. Product No. _ Base Product No. Page 
HCD44100R HD44100RFS_~. 104 
HD44102D HD44102CH | 105 
HD44105D | HD44105H 106 
HCD44780UA00 HD44780UA00FS 107 
HCD44780U*** HD44780U***FS 108 
HCD66702RA00 HD66702RA00F 109 
HCD66702RA00L HD66702RA00FL 109 
HCD66702R*** HD66702R*#*F 111 
| HCD66702R***L HD66702R***FL 111 
10 HCD66710A00 -HD66710A00FS 113 
11 HCD66710*** HD66710***FS 114 
12 HD61202D HD61202 _ 115 
13 -——s HD61203D HD61203 116 
14 HD66100D HD66100F 117 
15 HD66106D - HD66106FS 118 
16 HCD66204 HD66204F 119 
17 | HCD66205 HD66205F 120 
18 HCD66204L HD66204FL 121 
19 HCD66205L HD66205FL 122 
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Chip Shipment Products 








Surface shape maximum values  X direction: £x + 250 
Y direction: £y + 250 (unit: pm) 
(€x and £y are the chip dimensions) 





Figure 2 Chip Cross-Section 
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Chip Shipment Products 


¢ HCD44100R 


Chip size (X x Y): 2.40 mm x 3.94 mm 
Coordinate: Pad center 
Origin: Chip center 
Pad size (X x Y): 90 um x 90 um (SIL) 
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| (Unit: pm) 
Pad Coordinate Pad Coordinate Pad Coordinate 
No. Pad Name X Y No. Pad Name X Y No. PadName X Y 
1 Y30 —280 1815 21 Y14 -1045 -1100 41 DRI 1075 -630 
2. Y31 —460 1815 22 Y13 —1045 -—1300 42 DL2 1075 —450 
3 Y32 —640 1815 23 Y12 -1045 -1500 43. DR2 1075 —270 
4 Y33 —820 1815 24 Y9 —-1045 -1740 44 . 
5 Y34 -1000 1815 25 Y10 —850 —1815 45 M 1075 ~-90 
6 Y29 -1045 1600 26 Y11 -670 —1815 46 SHL1 1075 90 
7 Y28 -1045 1420 27 Y8 —490 —1815 47 SHL2 1075 270 
8 Y27 -1045 1240 28 Y7 —310 ~—1815 48 FCS 1075 450 
9 Y26 ~1045 1060 29 Voc —130 —1815 49 V1 1075 630 
10 Y25 -1045 880 30 Y6 130 ~—1815 50 V2 1075 810 
11 Y24 -1045 700 31 Y5 310 —1815 51 V3 1075 990 
12 Y23 — -1045 520 32 Y4 490 ~—1815 52 V4 1075 1170 
13 Y22 -1045 340 33 Y3 670 ~—1815 53 V5 1075 1350 
14 Y21 -1045 160 34 Y2 870  -1815 54 V6 1075 1550 
15 Y20 -1045 -20 35 Y1 1030 —1780 55 Y40 1045 1800 
16 Y19 —1045 -200 36 Ver 1075 —1600 56 Y39 850 1815 
17 Yi8& -—i045 -380 37. CLi 1075 -—1410 57 Y38 670 1815 
18 Y17 -1045 -560 38 ClL2 1075 —1235 58 Y37 490 1815 
19 Y16 -1045 -740 39 GND 1075 -990 59 Y36 — 810 1815 
20 


Y15 -1045 -920 40 DL1 1075 —810 60 Y35 130 1815 


Figure 3 HCD44100R 
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Figure 4 HD44102D 
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Chip Shipment Products 


e HD44105D 


Chip size (X x Y): 4.56 mm x 6.00 mm 











Coordinate: Pad center 
Origin: Chip center 

Pad size (Xx Y): 120 um x 120 um 

O 

O 

oO 

O 

al 

C) 

0 HD44105 

5 Voc 

24 29 »=31 33 34 

X 
, (Unit: ym) 

Pad Coordinate Pad Coordinate Pad Coordinate 
No. Pad Name X Y No. Pad Name X Y No. Pad Name X Y 
1 X12 —575 2822 20 C 2105 -1628 42 X31 2105 —833 
2 Xi1 875 2822 21 R -2105 -2053 43 X30 2105 —528 
3 X10 —1175 2822 22 CR —2105 -2363 44 X29 2105  -223 
4 x9 ~ -1475 2822 23 STB -2105 -2593 45 X28 2105 82 
5 X8 -—1775 2822 24 SHL —-2005 -2822 46 X27 2105 387 
6 X7 —- ~2105 2372 25 WS -1770 -2822 47 X26 — 2105 697 
7 = X6 -  =—2105 2047 26 62 -1460 -2822 48 X25 2105 1002 
8 XS5 -2105 1732 27 at -1010  ~2822 49 X24 - 2105 1307 
9 X4 —2105 1417 28 FRM -605 —2822 50 X23 2105 1587 
10 X83 -2105 1102 — 29 Voc -265 -2822 51 X22 2105 1867 
11. X2 -—2105 787 31 M 770 -2822 52 X21 2105 2147 
12 Xi -2105 472 33 CL 1290 —2822 53 X20 2105 2427 
13 DL -—2105 117 34 DR 1730 -2822 54 X19 2105 = .2707 
14 GND -2105 -208 36 Ver 2105  -2308 55 X18 1855 2822 
15 FS1 -2105 -438 37 Vi 2105 —2078 56 X17 1555 2822 
16 FS2_ -2105 -668 38 V2 2105 —-1848° 57 X16— 1255 2822 
17. DS! -2105 -898 39 V5 _ 2105 -1610 58 X15 955 2822 
18 DS2 -2105 -1128 40 V6 2105 —1388 59 X14 655 2822 
19 DS3 -2105 —1358 41 X32 2105  -1138 60 X13 355 2822 


Figure 5 HD44105D 
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Chip Shipment Products 


¢ HCD44780UA00 
1 80 63 Chip size (X x Y): 4.90 mm x 4.90 mm 





: 3 Coordinate: Pad center 

DOOoOoOoOoOooOnDoOoOoOooOoOooO . Origin: Chip center 

a C) Pad size (Xx Y): 114410pmx114+ 10 um 

: . The aperture area of a bonding pad 

: : 

: : 

O C 

Y--L ff ---------------- 222 -n enc nno ene fa} - 

: : 

O O 

0 C) 

5 A 

5 (ea7e00) : 

Q1 OOOooooOoOooOoooOooooo 

23 42 
X 
. (Unit: pm) 
Pad Coordinate Pad Coordinate Pad Coordinate 
No. Pad Name X Y No. PadName X Y No. Pad Name X Y 
1 SEG22 -2100 2313 28. V3 —941 —2290 55 COM9 2313 539 
2 = SEG21 -2280 2313 29 V4 623 -2290 56 COMI10 2313 755 

3 SEG20 -—2313 2089 30 V5 —304 ~—2290 57 COMI11 2313 970 
4 SEG19 -—2313 1833 31 CLI —48 —2290 58 COMI12 2313 1186 
5 SEG18 -2313 1617 32 CL2 142 —2290 59 COMI13 2313 1401 
6 SEGI7 —2313 1401 33 Voc 309 —2290 60 COM14 2313 1617 
7 SEG16 -2313 1186 34 M 475 —2290 61 COMi15 2313 1833 
8 SEG15 -2313 970 —685—COCOD 665 —2290 62 COMI16 2313 2095 
9 SEG14 #£«®-2313 755 36 RS 832 —2290 63 SEG40 2296 2313 
10 SEG13 —2313 539 37 RW 1022 —2290 64 SEG39 2100 2313 
11 SEG12 -2313 323 38 E 1204 —2290 65 SEG38 1617 2313 
12 SEG11 —2313 108 39 DBO 1454 —2290 66 SEG37 1401 2313 
13 SEG10 —2313 -108 40 DBI 1684 —2290 67 SEG36 1186 2313 
14 SEG9 —2313 -323 41 DB2 2070 —2290 68 SEG35 970 2313 
15 SEG8 -2313 -539 42 DB3 2260 —2290 69 SEG34 755 2313 
16 SEG7 -—2313 —-755 43 DB4 2290 —2099 70 SEG33 539 2313 
17 SEG6 —2313 -970 44 DB5 2290 —1883 71. SEG32 323 2313 
18 SEGS5 —2313  -1186 45 DB6 2290 —1667 72 SEGS1 108 2313 
19 SEG4 —2313 -1401 46 DB7 2290 -1452 73 SEG30 -108 2313 
20 SEG3 -—2313 -1617 47 COMI 2313 —1186 74 SEG29 —323 2313 
21 SEG2 —2313 —-1833 48 COM2 2313 ~970 75 SEG28 —539 2313 
22 SEG! —2313 -2073 49 COM3 2313 —755 76 SEG27 -7§55. 2313 
23. GND —2280 -2290 50 COM4 2313 —539 77 SEG26 -970 2313 
24 OSC! -2080 -2290 51 COMS5 2313 -323 78 SEG25 —1186 2313 
25 OSC2 -1749 -2290 52 COM6 2313 —108 79 SEG24 -1401 2313 
26 «(V1 -1550 -2290 53. COM7 2313 108 80 SEG23 —1617 2313 
27 V2 —1268 -—2290 54 COM8 2313 323 } 


Figure 6 HCD44780UA00 | 
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Chip Shipment Products 


e HCD44780U*** | 
| Chip size (X x Y): 4.90 mm x 4.90 mm 





Coordinate: Pad center 

HUOOODOODDOoOoOoODDnoo Origin: Chip center 

C O Pad size (Xx Y): 114410 um x 114+ 10um > 

te Hy The aperture area of a bonding pad 

. 2 

: : 

C O 

aI 

: : 

a O 

0 0 

: : 

ON OOOOOOOoOoOoOoOoOoOoOoOoOoOo oO 

X 
(Unit: pm) 

Pad Coordinate Pad Coordinate Pad | Coordinate 
No. Pad Name X Y No. Pad Name X Y No. PadName X Y 
1 SEG22 -2100 2313 28 «(V3 ~941 —2290 55  COM9 2313 539 
2 SEG21 —2280 2313 29 V4 -623 —2290 56 COM10 2313 755 
3 SEG20 —2313 2089 30 V5 —304 —2290 57 COM11 2313 970 
4 SEG19 -2313 1833 31 CLI -48 -2290 58 COM12 2313 1186 
5  SEG18 -2313 1617 32 CL2 142 —2290 59 COM13 2313 1401 
6 SEG17 -2313 1401 33 Voc 309  -2290 60 COM14 2313 1617 
7 SEGI6 -2313 1186 34 M 475 ~—2290 61 COM15 2313 1833 
8 SEG15 -2313 970 35 D 665 —2290 62 COMI16 2313 2095 
9 SEG14 -2313 755 36 RS 832 —2290 63 SEG40 2296 2313 
10 SEG13 ~2313 539 37 RW 1022 ~—2290 64 SEG39 2100 2313 
11 SEG12 -2313 323 38 E 1204 —2290 65 SEG38 1617 2313 
12 SEG11 -—2313 108 39 DBO 1454 —2290 66 SEG37 1401 2313 
13 SEG10 -2313 -108 40 DBI 1684 —2290 67 SEG36 1186 2313 
14 SEG9 —2313 -323 41 DB2 2070 —2290 68 SEG35 970 2313 
15 SEG8~ -—2313 -539 42 DBS 2260 —2290 69 SEG34 755 2313 
16 SEG7 -2313 -755 43 DB4 2290 —2099 70 SEG33 539 2313 
17. SEG6 -2313 -970 44 DB5 2290 —1883 71 SEG32 323 2313 
18 SEGS5 -2313 -1186 45 DB6 2290 —1667 72 SEG31 108 2313 
19 SEG4 . —2313 -1401 46 DB7 2290 —1452 73 SEG30 —108 2313 
20 SEGS3 -2313 -1617 47 COMt1 2313 ~—1186 74 SEG29 —323 2313 
21 SEG2 -2313 -1833 48 COM2 2313 -970 75 SEG28 —539 2313 
22 SEG! -—2313 -2073 49 COM3 - = 2313 —755 76 SEG27 # -755 2313 
23 GND -—2280 -2290 50 COM4 2313 —§39 77 = SEG26 -~970 2313 
24 OSC! -2080 -2290 51 COMS 2313 —323 78 SEG25 -1186 2313 
25 OSC2 -1749 -2290 52 COM6 2313 -108 79 SEG24 -1401 2313 
26 V1 -1550 -2290 53 COM7 2313 108 80 SEG23 -1617 2313 
27 : 


V2 - -1268 -2290 54 COM8 2313 323 
Figure 7 HCD44780U*** 
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¢ HCD66702RA00, HCD66702RA00L 
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Figure 8 HCD66702RA00, HCD66702RAO0L (1) 
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Chip Shipment Products 


* HCD66702RA00, HCD66702RA00L 


Pad _Coociinste: ss 
No acme 


_2475 eal ahr] — se [aml 2 
2475 OER a TT 

| 1925]119 

4 
om sear] 247 
4 


{ Unit: hm] 


NTR 

> 
“IN 
Main 


— 
wi 


elslals 
~ 
ui 


[seas —[—ass|_2avstrar| — sean —|=1363| 2075 
| SEGSS_— | 325]_2475|138| SeG41_— | -1495|_ 2475 
|_195] 2475]139]  SEGaO_—[- 1625] 2475) 
|__ 65] 2475|140] _—SEG39_—[- 1760] _2475) 
|___SEG52_— | -65| 2475/141| SEG38_—|- 1895]_ 2475 


5 
|__SEG64__—|_1495|_2475/129| _SEGSO__|_-325|_2475]143| seG36_—|- 2175] _2475 
___seGes___ | 1365{_ 2475130] _seGao_—| - 455] _2475[144] seG35__|- 2320] _ 2475 


Figure 8 HCD66702RA00, HCD66702RAO00L (2) 
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© HCD66702R***, HCD66702R***L 
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Chip size (X x Y): 5.36 mm x 6.06 mm 
Coordinate: Pad center 

Origin: Chip center 

Pad size (X x Y): 100 um x 100 um 





30 31 5051 
X (Unit: ppm) 
Pad Coordinate Pad Coordinate Pad Coordinate 
No. Pad Name X Y No. Pad Name X Y No. Pad Name X Y 
1 SEG27 ~2495 2910 35 COM20 -1102  -2910 68 DB4 2675 501. 
2 SEG28 -2695 2730 36 COM19 -—899 —2910 69 DBS5 2675 700 
3 SEG29 -2695 2499 37 COM18 -—700 —2910 70 DB6 2675 900 
4 SEG30 -2695 2300 38 COM17 —500 -—2910 71 DB7 2675 1099 
5 SEG31 —2695 2100 39 COM8 —301 —2910 72 EXT 2675 1299 
6 SEG32 . -2695 1901 40 COM7 —101 —2910 73. =TEST 2675 1502 
7 SEG33 -2695 1698 41 COM6 99 —2910 | 74 Voc 2695 1698 
8 SEG34 —2695 1498 | 42 COM5 302 —2910 75 SEG! 2695 1901 
9 SEG35 -2695 1295 43  COM4 502 —2910 76 SEG2 2695 2104 
10 SEG36 —2695 1099 44 COMS 698 ~—2910 77 SEG3 2695 2300 
11. SEG37 -2695 900 45 COM2 887 —2910 78 SEG4 2695 2503 
12 SEG38 ~2695 700 46 COMi 1077 —2910 79 SEGS5 2695 2730 
13. SEG39 -—2695 501 47 COMS33 1266 —2910 80 SEG6 2495 2910 
14 SEG40 -2695 301 48 Vi 1488 —2910 81 SEG7 2049 2910 
15 COM9 -—2695 98 49 V2 1710 —2910 82 SEG8 1699 2910 
16 COM10 -2695 -—-113 50 V3 2063 —2910 83 SEG9 1499 2910 
17  COMI11 -2695 -302 51 V4 2458 —2910 84 SEG10 1300 2910 
18 COM12 -2695 —-—501 52 V5 2660 —2731 85 SEGI11 1100 2910 
19 COM13 —2695 -—701 53  V5OUT3 2660 —2500 86 SEG12 901 2910 
20 COM14 ~2695  -900 54 V50UT2 2660 —2300 87 SEG13 701 2910 
21 COM15 —2695  -—1100 55 GND 2640 —2090 88 SEG14 502 2910 
22 COMI16 -2695  -—1303 56 C1 2650 ~1887 89 SEG15 299 2910 
23. COM25 —2695  -1502 57 C2. 2675 —1702 90 SEG16 99 2910 
24 COM26 -2695 -1702 58 VCl 2675 —1502 91 SEG17 —101 2910 


25 COM27 ~2695 __ -1901 59 OSC! 2675 —1303 92 SEG18 —301 2910 
26 COM28 —2695  -2101 60 OSC2 2675 —1103 93 SEGI9 —500 2910 


27 COM29 -2695  -2300 61 RS 2675 —900 94 SEG20 —700 2910 
28 COM30 -2695 —2500 62. R/W 2675 -701 95 SEG21 -—899. 2910 
29  COMS31 -2695 -2731 63 _E 2675 —501 96 SEG22 -—1099 2910 
30 COM82 —2495 —2910 64 DBO 2675 —302 97 SEG23 —1302 2910 
31  COM24 —2051 -2910 65 . DBI 2675 —-99 98 SEG24 -—1501 2910 
32  COM23 -—1701  -2910 66 DB2 2675 98 99 SEG25 —1701 2910 

33 COM22 -1498 -2910 67 DBS 2675 301 100 SEG26 -—2051 2910 
34 COMe21 -—1302  -2910 


Figure 10 HCD66710A00 
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Chip size (X x Y): 5.36 mm x 6.06 mm 
Coordinate: Pad center 

Origin: Chip center | 

Pad size (X x Y): 100 ym x 100 ym 








(Unit: pm) 
Pad Coordinate Pad Coordinate Pad Coordinate 
No. Pad Name X Y No. Pad Name X Y No. Pad Name X Y 
1 _SEG27 —2495 2910 35 COM20 -1102 -2910 68 DB4 2675 _—*01 
2  SEG28 —2695 2730 36 COM19  -899  -2910 69 DBS 2675 700 
3 SEG29 —2695 2499 37 COMi8  --700  -2910 70  DB6 2675 _—_—-900 
4 _SEG30 ~—2695 2300 38 COM17 -500 -2910 71  DB7 2675 1099 
5 SEG31 -2695 2100 39 COM8 —301 —2910 72 EXT 2675 1299 
6 SEG32 -2695 1901 40 COM7 —101 —2910 73. TEST 2675 1502 
7 _SEG33 —2695 1698 41 COM6 99 —2910 74 Voc 2695 1698 
8 SEG34 —2695 1498 42 COMS 302 ~2910 75 SEG! 2695 1901 
9 SEG35 —2695 1295 43 COM4 502 —2910 76 SEG2 — 2695 2104 
10 SEG36 ~—2695 1099 44 COM3 698 —2910 77 _SEG3 2695 2300 
11. SEG37 ~2695 900 45 COM2 887 —2910 78 SEG4 2695 2503 
12 SEG38 -2695 700 46 COMI 1077-2910 79  SEGS5 2695 2730 
13 SEG39 -—2695 501 47 COMS33 1266 =-2910 80 SEG6 2495 2910 
14  SEG40 —2695 301 48 V1 1488 —2910 81 SEG7 2049 2910 
15 COM9 —2695 98 49 V2 1710 —2910 82 SEG8 1699 2910 
16 COMI10 —2695  -113 50 V3 2063-2910 83 SEG9 1499 2910 
17. COMI11 —2695  -302 51 V4 2458 —2910 84 SEG10 1300 2910 
18 COMi2  -2695 -—-501 52 V5 2660 —-2731 85 SEG11 1100 2910 
19 COM13 -—2695  —701 53  VS5OUT3 2660  -2500 86 SEG12 901 2910 
20 COM14 —2695 -900 54 VS5OUT2 2660  -2300 87 SEG13 701 2910 | 
21 COMi5 -—2695 -1100 55 GND 2640 -2090 88 SEG14 502 2910 
22. COM16 ~—2695  -1303 56 C1 2650 —-—1887 89 SEG15 299 2910 
23 COM25 -2695 -—1502 57 C2 2675 _-1702 90 SEGI6 99 2910 
24 COM26 —2695 -1702 58 VCl 2675 -1502 91 SEG17 —101 2910 


25 COM27 -2695  -1901 59 OSC1 _2675 —1303 92 SEG18 —301 2910 
26 COM28 -2695 -2101 60 OSC2 2675 —1103 93 SEGI9 —500 2910 


27 COM29 -2695 -2300 61 RS | 2675 -900 94 SEG20 -700._- 2910 
28 COM30 -2695 -2500 62 RW 2675 —701 95 SEG21 —899 2910 
29 COMS31 —2695 —-2731 63 _E 2675 —-501 96 SEG22 -1099 2910 
30 COMS32 —2495  -2910 64 DBO 2675 —302 97 SEG23 —1302 2910 
31 COM24 —2051 -2910 65 DB 2675 —99 98 SEG24 -—1501 2910 
32 COM23 —1701 -2910 66 DB2 2675 98 99 SEG25 -1701 2910 
33 COM22 —1498  -2910 67 DB3 2675 301 100 SEG26 -2051 2910 


34 COM21 —1302 ~-2910 


Figure 11 HCD66710*** 
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Reliability and Quality Assurance 


1. Views on Quality and Reliability 


Hitachi’s basic quality aims are to meet indi- 
vidual user's purchase purpose and quality 
required, and to be at a satisfactory quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, Hitachi tries to assure reliability 
so that semiconductor devices delivered can 
perform their function in actual operating 
circumstances. To realize this quality in the 
manufacturing process, the key points should 
be to establish a quality control system in the 
process and to enhance the quality ethic. 
In addition, quality required by users of 
semiconductor devices is going toward 
higher levels as performance of electronic 
system in the market is increasing and 
expanding in size and application fields. To 
cover the situation, Hitachi is performing the 
following: ' 
1. Building in reliability in design at the stage 
of new product development. 
2. Buliding in quality at the sources of the 
manufacturing process. 
3. Executing stricter inspection and reliabil- 
ity confirmation of final products. 
4. Making quality levels higher with field 
data feedback. 
5 


. Cooperating with research laboratories for © 


higher quality and reliability. 
With the views and methods mentioned 
above, utmost efforts are made to meet users’ 
requirements. 


2. Reliability Design of Semiconductor 
Devices 


2.1 Reliability Targets 


The reliability target is the important factor 
in manufacture and sales as well as perfor- 
mance and price. It is not practical to rate 
reliability targets with failure rates under 
certain common test conditions. The reliabil- 
ity target is determined corresponding to the 
character of equipment taking design, man- 
ufacture, inner process quality control, 
screening and test method, etc. into consid- 
eration, and considering the operating cir- 
cumstances of equipment the semiconductor 
device is used in, reliability target of the 
system, derating applied in design, operating 
condition, maintenance, etc. 


2.2 Reliability Design 


To achieve the reliability required based on 
reliability targets, timely study and execution 


of design standardization, device design (in- 
cluding process .design, structure design), 
design review, reliability test are essential. 


2.2.1 Design Standardization 


Establishment of design rules, and standard- 
ization of parts, material and process are 
necessary. To establish design rules, critical 
quality and reliability items are always stud- 
ied at circuit design, device design, layout 
design, etc. Therefore, as long as standard- 


ized process, material, etc. are used, reliability 


risk is extremely small even in newly devel- 
oped devices, except in cases where special 
functions are needed. 


2.2.2 Device Design 


It is important in device design to consider 
the total balance of process design, structure 
design, circuit and layout design. Especially 
when new processes and new materials are 
employed, careful technical study is executed 
prior to device development. 


2.2.3 Reliability Evaluation by Test Site 


_ Test site is sometimes called test pattern. It is 


a useful method for design and process reli- 
ability evaluation of ICs and LSIs which have 
complicated functions. 


Purposes of test site are: 

- Making fundamental failure mode clear 

- Analysis of relation between failure mode 
and manufacturing process condition 

- Search for failure mechanism analysis 

- Establishment of QC point in manufactur- 
Ing 

Evaluation by test site is effective because: 

-Common fundamental failure mode and 
failure machanism in devices can be 
evaluated. — | 

- Factors dominating failure mode can be 
picked up, and comparison can be made 
with processes that have been experienced 
in field. 

- Relation between failure causes and man- 
ufacturing factors can be analyzed. 

- Easy to run tests. 

: Etc. 


2.3 Design Review 


Design review is an organized method to 
confirm that a design satisfies the required 
performance (including users’) and that 
design work follows the specified methods, 
and whether or not improved technical items 
accumulated in test data of individual major 
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- fields and field data are effectively built in. In 
addition, from the standpoint of enhance- 
ment of the competitive power of products, 
the major purpose of the design review is to 
ensure quality and reliability of the products. 
In Hitachi, design reviews are performed 
from the planning stage for new products 
and even for design changed products. Items 
discussed and determined at design review 
are as follows: 

1. Description of the products based on 
specified design documents. 

2. From the standpoint of the specialties of 
individual participants, design documents 
are studied, and if unclear matter is found, 
calculation, experiments, investigation, 
etc. will be carried out. 

3. Determine contents of reliability and 
methods, etc. based on design documents 
and drawings. 

4. Check process ability of manufacturing 
line to achieve design goal. 

5. Discussion about preparation for produc- 
tion. 

6. Planning and execution of subprograms 
for design changes proposed by individual 
specialists, and for tests, experiments and 
calculation to confirm the design changes. 

7. Reference of past failure experiences with 

' similar devices, confirmation of methods to 
prevent them, and planning and execution 
of test programs for confirmation of them. 
These studies and decisions are made 
using check lists made individually de- 
pending on the objects. 


3. Quality Assurance System of Semi- 
conductor Devices 


3.1 Activity of Quality Assurance 


General views of overall quality assurance in 

Hitachi are: 

1. Problems in an individual process should 
be solved in the process. Therefore, at final 
product stage, the potential failure factors 
have been already removed. 

2. Feedback of information should be used to 
ensure satisfactory level of process capa- 
bility. 

3. To assure required reliability as a result of 
the items mentioned above is the purpose 
of quality assurance. 

The following discusses device design, qual- 

ity approval at mass production, inner proc- 

ess quality control, product inspection and 
reliability tests. | 


3.2 Quality Approval 


To ensure required quality and reliability, 
quality appiONe is carried out at the trial 


production stage of device design and the 
mass production stage based on reliability 


design as described in section 2. 


Hitachi’s views on quality approval are: 

1. A third party must perform approval 
objectively from the standpoint of cus- 
tomers. 

2. Fully consider past failure experiences and 
information from the field. 


9: Approval is needed for design change or 


work change. 

4. Intensive approval is executed on parts 
material and process. 

5. Study process capability and variation 
factor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 

figure 1 shows how quality approval is per- 

formed. 


3.3 Quality and Reliability Control at 
Mass Production 


For quality assurance of products in mass 
production, quality control execution is 
divided organically by function between 
manufacturing department and quality 


-assurance department, and other related 


departments. The total function flow is 
shown in figure 2. The main points are de- 
scribed below. 


3.3.1 Quality Control of Parts and Mate- 
rial 


As the performance and the reliability of 
semiconductor devices improve, the impor- 
tance of quality control of material and parts 
(crystal, lead frame, fine wire for wire bond- 
ing, package) to build products, and materials 
needed in manufacturing process (mask pat- 
tern and chemicals) increases. Besides quality 
approval on parts and materials stated in 
section 3.2, the incoming inspection is also 
key in quality control of parts and materials. 
The incoming inspection is performed based 
on an incoming inspection specification, fol- 
lowing purchase specification and drawings, 
and sampling inspection is executed based 
mainly on MIL-STD-105D. 
The other activities of quality assurance are 
as follows: | 
1. Outside vendor technical information 
meeting 
2. Approval on outside vendors, and guid- 
ance of outside vendors 
3. Physical chemical analysis and test 
The typical check points of parts and mate- 
rials are shown in table 1. 
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3.3.2 Inner Process Quality Control 


Inner process quality control performs a very 
important function in quality assurance of a 
semiconductor devices. The following is a 
description of control of semifinal products, 
final products, manufacturing facilities, 
measuring equipments, circumstances and 
submatenals. The quality control in the 
manufacturing process is shown in figure 3 
corresponding to the manufacturing process. 


1. Quality Control of Semifinal Products and 
_ Final Production Products 
Potential failure factors of semiconductor 
devices should be removed in manufac- 
turing process. To achieve this, check 
points are setup in each process, and 
products that have potential failure factors 
are not transferred to the next process. For 
high reliability semiconductor devices, 
especially manufacturing line is carefully 
selected, and the quality control in the 


manufacturing process is tightly executed: 
Strict check on each process and each lot, 
100% inspection to remove failure factor 
caused by manufacturing variation, and 
necessary screening, such as high tem- 
perature aging and temperature cycling. 

Contents of inner process quality control 

are: 

- Condition control on individual equip- 
ment and workers, and sampling check 
of semifinal products. 

- Proposal and carrying-out of work 
improvement 

- Education of workers 

- Maintenance and improvement of yield 

+ Detection of quality problems, and exe- 
cution of countermeasures 

- Transmission of information about qual- 


ity 


2. Quality Control of Manufacturing Facilities 
and Measuring Equipment | 
Equipment for manufacturing semicon- 





Step 


Target | 
Specification 


Contents 


Characteristics of Material 


Purpose 


Confirmation of 





and Parts 
Appearance 
Dimension 
Heat Resistance 
Mechanical 
Electrical 
Others 


Characteristics and 
Reliability of Materials 
and Parts 


: SI] 
Design Materials, Parts | 
Trial Re ocals 
Production er ae 


Electrical Characteristics 
Function 


Confirmation of Target 
Spec. (Mainly Electrical 
Characteristics) 


[__Characteristics Approval _| 
| Voltage 
Current 

Temperature 


Others 
Appearance, Dimension 


Reliability Test 
Life Test 
Thermal Stress 
Moisture Resistance 
Mechanical Stress 
Others 


Confirmation of Quality 
and Reliability in Design 





[Quality Approval (2) __| Reliability Test 


; Process Check (same as 
Quality Approval (1) ) 


Confirmation of Quality 
and Reliability in Mass 
Production 


Mass Production 





Figure 1 Quality Approval Flowchart 
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ductor devices have been developing nance number and specifications are 
extraordinarily, with required high per- checked one by one to maintain and 
formance devices and production in- improve quality. 

provements. They are important factors to 

determine quality and reliability. In Hita- 3. Quality Control of Manufacturing Circum- 
chi, automation of manufacturing equip- stances and Submaterials 

ment is promoted to improve manufactur- Quality and reliability of semiconductor 
ing variation, and controls maintain proper devices is greatly affected by manufactur- 
operation and function of high perfor- ing process. Therefore, manufacturing cir- 
mance equipment. Maintenance inspec- cumstances (temperature, humidity, dust) 
tion for quality control is performed daily and the control of submaterials (gas, pure 
based on related specifications, and also water) used in manufacturing process are 
periodical inspections. At the inspection, intensively controlled. Dust control is de- 
inspection points listed in the specification scribed in more detail below. | 

are checked one by one to avoid any om- Dust control is essential to realize higher 
issions. During adjustment and mainte- integration and higher reliability of 
nance of measuring equipment, mainte- devices. In Hitachi, maintenance and 
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Figure 2 Flowchart of Quality Control in Manufacturing Process 
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improvement of cleanness and manufac- 
turing site cleanness are executed paying 
close attention to buildings, facilities, air- 
conditioning systems, packaging mate- 
rials, clothes, work, etc., and periodical 
inspection for floating dust in room, falling 
dust, and floor dust. 


3.3.3 Final Product Inspection and Reli- 


ability Assurance 


1. Final Product Inspection 


Lot inspection is done by quality assur- 
ance department for products that were 
judged to be 100% good in tests, which is 


the final process in the manufacturing 
department. Though 100% good products 
is expected, sampling inspection is 
executed to prevent inclusion of failed 
products by mistake, etc. The inspection is 
executed not only to confirm that the 
products meet users’ requirements, but to 
consider potential trouble factors. Lot 
inspection is executed based on MIL-STD- 
105D. 


. Reliability Assurance Tests 


To assure reliability of semiconductor 
devices, periodical reliability tests and 
reliability tests on individual manufactur- 
ing lots required by user are performed. 





Table 1 Quality Control Check Points of Material and Parts 


(Example) 
Material, Parts 
Wafer 
Mask. 


Fine wire for wire bond- 
ing 


Frame 


Ceramic package 


Plastic 


Important Control Items 


Appearance 
Dimension 
Sheet resistance 
Defect density 
Crystal axis 
Appearance 
Dimension 
Registration 
Gradation 


Appearance 
Dimension 
Purity 
Elongation ratio 


Appearance 

Dimension 

Processing accuracy 
Plating 

Mounting characteristics 


Appearance 

Dimension 

Leak resistance 

Plating 

Mounting characteristics 
Electrical characteristics 
Mechanical strength 


Composition 


Electrical characteristics 
Thermal characteristics 
Molding performance 
Mounting characteristics 


Points to Check 


Damage and contamination on surface 
Flatness 

Resistance 

Defect numbers 


Defect numbers, scratch 
Dimension level 


Uniformity of gradation 
Contamination, scratch, bend, twist 


Purity level 

Mechanical strength 
Contamination, scratch 
Dimension level 


Bondability, solderability 
Heat resistance 
Contamination, scratch 
Dimension level 
Airtightness 

Bondability, solderability 
Heat resistance 


Mechanical strength 
Characteristics of plastic material 


Molding performance 
Mounting characteristics 
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Process 


Purchase of material 


Wafer 
Surface oxidation Oxidation 
Inspection of surface 
oxidation 
Photo resist Photo 
resist 
Inspection of photo resist 
PQC level check 
Diffusion Diffusion 
Inspection of diffusion 
PQC level check 
Evaporation Evaporation 
Inspection of evaporation 
PQC level check 
Wafer inspection Wafer 
Inspection of chip Chip 
electrical characteristics 
Chip scribe 
Inspection of chip 
appearance 
PQC lot judgement 
Assembling Assembling 
PQC level check 
Inspection after assembling 
PQC lot judgement 
Sealing Sealing 
PQC level check Marking 


Final electrical inspection 


Failure analysis 


Appearance inspection 


Sampling inspection of 
products 


Receiving 


Shipment 


Control point 
Characteristics, Appearance 


Appearance, Thickness of 
oxide film 


Dimension, Appearance 


Diffusion depth, Sheet 
resistance 


Gate width 
Characteristics of oxide 
film, Breakdown voltage 


Thickness of vapor film, 
Scratch, Contamination 


Thickness, V7H characteris- 
tics 


Electrical characteristics 


Appearance of chip 


Appearance after chip 
bonding 

Appearance after wire 
bonding 

Pull strength, Compression 
width, Shear strength 


Appearance after assembling 


Appearance after sealing 
Outline, Dimension 


Marking strength 


Analysis of failures, Failure 
mode, Mechanism 


Purpose of control 


Scratch, removal of crystal 
defect wafer 


Assurance of resistance 


Pinhole, Scratch 


Dimension level 
Check of photo resist 


Diffusion status 


Control of basic parameters 
(Vr, etc.) cleanness of surface 
Prior check of Vry 

Breakdown voltage check 


Assurance of standard 
thickness 


Prevention of cracks, 
Quality assurance of scribe 


Quality check of chip 
Bonding 

Quality check of wire 
Bonding 

Prevention of open and 
short 


Guarantee of appearance 
and dimension 


Feedback of analysis infor- 
mation 


Figure 3 Example of Inner Process Quality Control 


HITACHI 





Reliability and Quality Assurance 


Customer 


Claim 
(Failures, Information) 


Sales Dept. 
Sales Engineering Dept. 


Failure Analysis 
Quality Assurance Dept. " 


Manufacturing Dept. Design Dept. Countermeasure, 
; Execution of 


Countermeasure 


ity Assurance Dept. | : 
Quali nSurs P Follow-up and Confirm- 
ation of Countermeasure 


Execution 


De me cere ee rs ee ee ee ee ee ee ee ee ee ee ee ee 


Sales Engineering Dept. 


Reply 


Customer 


Figure 4 Process Flowchart of Field Failure 
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1. Introduction 


- The use of liquid crystal displays with micro- 
computer application systems has been 
increasing, because of their low power con- 
sumption, freedom in display pattern design, 
and thin shape. Low power consumption and 
high density packaging have been achieved 
through the use of the CMOS process and the 
flat plastic packages, respectively. 

This chapter describes reliability and quality 
assurance data for Hitachi LCD driver LSIs 


based on test data and failure analysis 
results. 


2. Chip and Package Structure 


The Hitachi LCD driver LSI family uses low 
power CMOS technology and flat plastic 
package. The Si-gate process is used for high 
reliability and high density. Chip structure 
and basic circuit are shown in figure 1, and 
package structure is shown in figure 2. 





PSG Al Gate 


one 
ay 


ERIE 
ie, 
SiO? Source Drain 


_ -FET2 


P-channel 
EMOS 


N-channel 
EMOS 





Figure 1 Chip Structure and Basic 
Circuit 





Plastic 


Figure 2 Package Structure 
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3. Reliability Test Results 


The test results of LCD driver LSI family are 


shown in Tables 1, 2, and 3. 





Table 1 Test Result 1, High Temperature Operation 


(Ta=125°C, Vec=5.5V) 





Device Sample Size Component Hour Failure 
HD44100H 40 40,000 0 
HD44102H 40 40,000 0 
HD44103H 40 40,000 0 
HD44780 90 90,000 0 
HD66100F 45 45,000 0 
HD61100A 80 80,000 0 
HD61102 50 50,000 0 
HD61103A 50 50,000 0 
HD61200 40 40,000 0 
HD61202 50 50,000 6) 
HD61203 40 40,000 0 
HD61830 40 40,000 0 
HD61830B 40. 40,000 0) 
HD63645 32 32,000 0 
HD64645 32 32,000 6) 
HD61602 38 | 38,000 6) = 
HD61603 32.5: 32,000 @) 
HD61604 32 32,000 0 
HD61605 32 32,000 0 
HD66840 45 45,000 0 
Table 2 Test Result 2 

Sample Component 
Test item Test Condition Size Hour Failure 
High temp, storage Ta=150°C, 1000 h 180 180,000 O 
Low temp, storage Ta=-55°C, 1000 h 140 140,000 fe) 
Steady state humidity 65°C, 95% RH, 1000 h 860 860,000 1* 
Steady state humidity, biased 85°C, 90% RH, 1000 h_~—-—s «165 170,000 2* 
Pressure cooker 121°C, 2 atm.100 h 200 20,000 0 


Note: *Aluminum corrosion 
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Table 3 Test Results 3 _ 


Test items Test Condition 
Thermal shock 0 to 100°C 
10 cycles 
Temperature cycling -55°C to 150°C 
: 10 cycles 


Soldering heat 
Resistance to VPS 
Solderability 


4. Quality Data from Field Use 


Field failure rate is estimated in advance 
through production process evaluation and 
reliability tests. Past field data on similar 
devices provides the basis for this estimation. 
Quality information from the users is indis- 
pensable to the improvement of product 


260°C, 10 seconds 
215°C, 30 seconds 
230°C, 5 seconds 


Failure 
108 0 
678 0 
283 ; (0) 
88 0 
140 0 


quality. Therefore, field data on products 
delivered to the users is followed up carefully. 
On the basis of information furnished by the 
user, failure analysis is conducted and the 
results are quickly fed back to the design and 
production divisions. 

Failure analysis results on MOS LSIs returned 
to Hitachi is shown in figure 3. 


Damaged by 


excessive 

voltage 

and/or 
Good current 
(26.7%) 


devices 
(38.8%) 


Marginal 
14.5% 





(3.1%) 


Poor functional 
test pattern 
(3.1%) 


Figure 3 Failure Analysis Result 
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5. Precautions 
5.1 Storage 


It is preferable to store semiconductor 
devices in the following ways to prevent 
deterioration in their electrical characteris- 
tics, solderability, and appearance, or break- 
age. 

1. Store in an ambient temperature of 5 to 30° 
C, and in a relative humidity of 40 to 60%. 

2. Store in a clean air environment, free from 
dust and reactive gas. 

3. Store in a container that does not induce 
static electricity. 

4. Store without any physical load. 

5. If semiconductor devices are stored for a 
long time, store them in unfabricated form. 
If their lead wires wires are formed 
beforehand, bent parts may corrode dur- 
ing storage. 

6. If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpackaged 
devices must not be stored for over 3 
months. 7 

7. Take care not to allow condensation dur- 
ing storage due to rapid temperature 
changes. | 


5.2 Transportation 


As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 
ductors, semiconductor-incorporating units 
and other similar systems. In addition, the 
following considerations must be taken, too: 
1. Use containers or jigs whch will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an electrically conductive container or 
aluminium foil. 
2. Prevent device breakage from clothes-in- 
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duced static electricity. 

3. When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea- 
sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a conveyor belt is used, prevent 
the conveyor belt from being electrically 
charged by applying some surface treat- 
ment. 

4. When transporting semiconductor devices 
or printed circuit boards, minimize 
mechanical vibration and shock. 


5.3 Handling for Measurement 


Avoid static electricity, noise, and surge 
voltage when measuring semiconductor 
devices are measured. It is possible to pre- 
vent breakage by shorting their terminal 
circuits to equalize electrical potential during 
transportation. However, when the devices 
are to be measured or mounted, their termi- 
nals are left open providing the possibility 
that they may be accidentally touched by a 
worker, measuring instrument, work bench, 
soldering iron, conveyor belt, etc. The device 
will fail if it touches something that leaks 
current or has a static charge. Take care not 
to allow curve tracers, synchroscopes, pulse 
generators, D.C. stabilizing power supply 
units, etc. to leak current through their ter- 
minals or housings. 

Especially, while testing the devices, take 
care not to apply surge voltage from the 
tester, to attach a clamping circuit to the 
tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 
During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that there is no sol- 
dering bridge or foreign matter before turn- 
ing on the power switch. 

Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 
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Flat Plastic Package (QFP) Mounting Methods 


Surface Mounting Package Han- 
dling Precautions 


1. Package temperature distribution 


The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package. directly 
exposed to the infrared heat source will 


absorb heat faster and thus rise in tempera- 


ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 1, the surface 
directly facing the infrared heat source is 20° 


to 30°C higher than the leads being soldered | 


and 40’-to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 


To avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
temperature of the leads is 240°C. 


2. Package moisture absorption 


The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 


cracks will occur. Therefore, especially for | 


thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 


3. Heating and cooling 


One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 


method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 

Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4°C/ 
sec is recommended. 


4. Package contaminants 


It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package > 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 


The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. For reference purposes, an example of 
reflow conditions for a OQFP infrared reflow 
furnace is given in figure 2. The values given 
in the figure refer to the temperature of the 
package resin, but the leads must also be 
limited to a maximum of 260°C for 10 seconds 
or less. 


Of the reflow methods, infrared reflow is the 
most common. In addition, there is also the 
paper phase reflow method. The recom- 
mended conditions for a paper phase reflow 
furnace are given in figure 3. 

For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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30 sec. max. 
215°C 
cael 


Infrared rays 
(Surface) 


(Resin) 


150~190°C 
=, 
= 60sec | 


1~5°C/sec 


T3 To T; 
(Solder) 


2 
2 
~ 
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g 
£ 
® 
- 


temperature (°C) 





Figure 3 Example Vapor-phase Reflow 
Conditions 


time (sec) 





Figure 1 Temperature Profile During 
Infrared Heat Soldering 
(Example) 


10 sec.max. 
235°C res se 
140~ 160°C 


| = 60sec | 1~4°C/sec. 
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temperature ——~ 





Figure 2 Recommended Reflow 
Conditions for OFP 
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Soldering iron method Reflow method Reflow method 
(Spare solder) (Solder paste) 


solder 
parts 


Soldering 


‘ — 
Fl | Tackin 
(10 seconds) tania dul ci 
Tackin 
Preheating 


100 to 150°C | 
(20 seconds) 


Washing 


Preheating 
(Resin coating) 100 to 150°C 
(20 seconds) 


Reflow 
235°C 
(10 seconds) 


Reflow 
235°C 
(10 seconds) 
Washing 


(Resin coating) 


(Resin coating) 





Figure 4 Recommended Paper Phase Reflow Conditions 
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Liquid Crystal Driving Methods 


Driving a liquid crystal at direct current trig- 
gers an electrode reaction inside the liquid 
cell, degrading display quality rapidly. The 
liquid crystal must be driven by alternating 
current. The AC driving method includes the 
static driving method and the multiplex driv- 
ing method, each of which has features for 
different applications. Hitachi has developed 
different LCD driver devices corresponding to 
the static driving method and the multiplex 
driving method. The following sections 
describe the features of each driving method, 
the driving waveforms, and how to apply 
bias. 


Liquid Crystal Display 
and Terminal Connection 


COMo 





COMo 


SEG, 


COMo—SEGp+1 
Selected waveform 


COMyo—SEGnr+1 
Non-selected waveform 





1. Static Driving Method 


Figure 1 shows the driving waveforms of the 
static driving method and an example in 
which “4” is displayed by the segment 
method. The static driving method is the 
most basic method by which good display 
quality can be obtained. However, it is not 
suitable for liquid displays with many seg- 
ments because one liquid crystal driver cir- 
cuit is required per segment. 

The static driving method uses the frame 
frequency (1/ts) of several tens to several 
hundreds Hz. 


Figure 1 Example of Static Drive Waveforms (Example of HD61602/HD61603) 
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Liquid Crystal Driving Methods 


2. Multiplex Driving Method 


The multiplex driving method is effective in 
reducing the number of driver circuits, the 
number of connections between the circuit 
and the display cell, and the cost when driv- 
ing many display picture elements. Figure 2 
- shows a comparision of the static drive with 
the multiplex drive (1/3 duty cycle) in an 8- 
dight numeric display. The number of liquid 
crystal driver circuits required is 65 for the 
former and 27 for the latter. The multiplex 


Static driving 
method 


Multiplex driving 
method 
(1/3 duty cycle) 





drive reduces the number of driver circuits. 
However, greater multiplexing reduces the 
driving voltage tolerance. Thus, there are 
limits to the extent of multiplexing. 


There are two types of multiplex drive 
waveforms: A type and B type. A type, shown 
in figure 3, is used for alternation in 1 frame. B 
type is used for alternation in between 2 
frames (figure 4). B type has better display 
quality than A type in high multiplex drive. 


la 1b1g2f 2a 2b2g 


Figure 2 Example of Comparision of Static Drive with Multiplex Drive 


Common 


Segment 


Common-segment 





Figure 3 A Type Waveforms 
(1/3 duty cycle, 1/3 bias) 


Segment 


_Common-segment 





Figure 4 B Type Waveforms 
| (1/3 duty cycle, 1/3 bias) 
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Liquid Crystal Driving Methods 


2.1. 1/2 Bias, 1/2 Duty Drive ple of the connection to display ‘4’ on a liquid 
crystal display of 7-segment type, and the 
In the 1/2 duty drive method, 1 driver circuit output waveforms. 


drives 2 segments. Figure 5 shows an exam- 


Liquid Crystal Display 
and Terminal Connection 


COM,>—SEG, 
(Selected waveform) 


C O Mo a SEG,4+ 1 
(Non-selected waveform) 


1’ frame 





Figure 5 Example of Waveforms in 1/2 Duty Cycle Drive (B type) (Example of 
HD61602) | | 
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Liquid Crystal Driving Methods 


2.2 1/3 Bias, 1/3 Duty Cycle Drive shows an example of the connection to dis- 
| play ‘4’ on a liquid crystal display of 7-seg- 
In the 1/3 duty cycle drive, 3 segments are ment type, and the output waveforms. 


driven by 1 segment output driver. Figure 6 


Liquid Crystal Display 
and Terminal Connection 


OH: 


COMo 


COMo—SEG, +2 
(Selected waveform) 


V1 
OV 
COMo—SEG, | . -V 


' 
(Non-selected waveform) 


l frame 





Figure 6 Example of Waveforms in 1/3 Duty Cycle Drive (B type) (Example of 
HD61602) 


140 | HITACHI 





Liquid Crystal Driving Methods 


2.3 1/3 Bias, 1/4 Duty Cycle Drive shows an example of the connection to dis- 
play ‘4’ on a liquid crystal display of 7-seg- 
In the 1/4 duty cucle drive, 4 segments are ment type, and the output waveforms. 


driven by 1 segment output driver. Figure 7 





Liquid Crystal Display 
and Terminal Connection 


COM3—SEG, : 
(Selected waveform) 


COMo— SEG, 
(Non-selected wavefor 





Figure 7 Example of Waveforms in 1/4 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.4 1/4 Bias, 1/8 Duty Cycle Drive 


Vec 
Vi: 
COM, V2(V3) 
Liquid Crystal Display V4 
Vs 
COM, — Ha 1 
com, —C HC 
com; —CHCIC HE 
COM, 


coms —C Hii 

coms —C Hai Vee 
COM, Vy 
4 
V5 


V; 
SEG 2 Vo (V3) 

V4 

V5 


Vicp 


Vi =Vec— “Vico 
V2(V3) =Vec— Vico 
V4 =Vec—%Vicp Y, | 
4Vi.cp 
Vs =Vec— Vico 
— %Vicp 


COM,-—-SEG, 
(Selected waveform) 
—Vico 
* Example of LCD II. 

V2 is same voltage as V3. 
YeVi.cp 
YaVicp 
COM.2-SEG, 
(Non-selected waveform) — % Vico 
— “Mico 





Figure 8 oe of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of LCD- 
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2.5 1/5 Bias, 1/8 Duty Cycle Drive 





Common 
1/8 duty, 


1/5 bias 





Segment 
Common 1 Ue 
Common 2 eee! eee er L 
90] 
o 
° Jf Lo. Ff Le _J Le 
Segment 1 
Segment 2 | | 
V. 
Ve 
Ve 
Common 1 V; 
Vs V2 
Ve 
Common 2 V1 
V4 V2 
Segment 1 V3 V; 


Between segment 1 
and common 1 
(Display off) 


Liquid crystal display waveforms 


1 frame 


Between segment 1 
and common 2 
(Display on) 


Figure 9 Example of Waveforms in 1/8 Duty Cycle Drive (A 
HD44100R) y Cycle Drive (A type) (Example of 
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2.6 1/5 Bias, 1/16 Duty Cycle Drive 


Liquid Crystal Display 


COM, 

com, — CHOC HH 
com, —C Hai} 
com, —[ HCH 
coms —C HC} HH 


COM7 
COMgs 


com, —iigii }+- 
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COMg 


COM:>—/_}L}_}HiitrH 
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COMy2 CHM 
cOM:3 —(_}_HBLIL} 
COM. —CH OO 


COMis 





COMie6 


%V 
COM,—SEG, ae 


Vi =Vec— %Vicp (Selected waveform) — %v, cp 
V2=Vec — % Vico 
V3=Vec—%Vicp 
Va=Veco-%Vieo 


—V, 
V5 = Vee 7 Vico aad 


Vicp 


¥%Vicp 


¥%Vicp 


COM2—-SEG, 
(Non-selected waveform) —%Vicp 


—¥Vicp 


—Vicep © 





Figure 10 Example of Waveforms in 1/16 Duty Cycle Drive (A type) (Example of LCD- 
II) : , 
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2.7 1/5 Bias, 1/32 Duty Cycle Drive 
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Figure 11 Example of Waveforms in 1/32 Duty Cycle Drive (Example of HD44102CH, 
HD44103CH) 


HITACHI 7 145 





Liquid Crystal Driving Methods 


3. Power Supply Circuit for Liquid 
Crystal Drive 


Table 1 shows the relationship between the 
number of driving biases and display duty 
cycle ratios. : 

3.1 Resistive Dividing 


Driving bias is generally generated by a 
resistive divider (figure 12). 


The resistance value settings are determined 


by considering operating margin and power 
consumption. Since the liquid crystal display 
load is capacitive, the drive waveform itself is 
distorted due to charge/discharge current 
when the liquid crystal display drive 
waveform is applied. To reduce distortion, the 
resistance value should be decreased but this 
increases the power consumption because of 
the increase of the current through the divid- 
ing resistors. Since larger liquid crystal dis- 
play panels have larger capacitance,the 
resistance value must be decreased propor- 
tionally. 


Table 1 Relationship between the Number of Display Duty Cycle Ratio and the 


Number of Driving Biases 
Display | 
duty ratio Static 1/2 


Number of 2 3 4 4 
driving biases 


Vec (+5 V) 


1/4 Bias (1/8, 1/11 duty cycle) 


(1/2 bias) (1/3 bias) (1/4 bias) 





1/3 1/4 1/7 1/8 1/11 1/12 1/14 1/16 1/24 1/32 1/64 


5 5 5 6 6 6 6 6 
(1/5 bias) 


Veco (+5 V) 


1/5 Bias (1/16 duty cycle) 


Figure 12 Example of Driving Voltage Supply 
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It is efficient to connect a capacitor to the 
resistors in parallel as shown in figure 13 in 
order to improve charge/discharge distortion. 
However, the effect is limited. Even if it is 
attempted to reduce the power consumption 
with a large resistor and improve waveform 
distortion with a large capacitor, a level shift 
occurs and the operating margin is not im- 
proved. 

Since the liquid crystal display load is in a 
matrix configuration, the path of the charge/ 
discharge current through the load is com- 


Vec(+5 V) 


Liquid Crystal Driving Methods 


plicated. Moreover, it varies depending on 
display condition. Thus, a value of resistance 
cannot be simply determined from the load 
capacitance of liquid crystal display. It must 
be experimentally determined according to 
the demand for the power consumption of 
the equipment in which the liquid crystal 
display is incorporated. | 

_Generally, R is 1 kQ to 10 kQ, and VR is 5kO to 
50 kQ. No capacitor is required. A capacitor of 
0.1 uF is usually used if necessary. 


Common/segment selected high level 


C 


Common non-selected high level 


C 


Segment non-selected high level 


C 


Segment non-selected low level 


Cc 


Common non-selected low level 


C 


Common/segment selected low level 


For contrast adjustment 


Without C 





Figure 13 


Example of Capacitor Connection for Improvement of Liquid Crystal 


Large C and R cause 
a level shift. 


Display Drive Waveform Distortion (1/5 bias) (Example of LCD-II) 
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3.2 Drive by Operational Amplifier 


In graphic displays, the size of the liquid 
crystal becomes larger and the display duty 
ratio becomes smaller, so the stability of liq- 
uid crystal drive level is more important than 
in small display system. 

Since the liquid crystal for graphic displays is 
large and has many picture elements, the 
load capacitance becomes large. The high 
impedance of the power supply for liquid 
crystal drive produces distortion in the drive 
waveforms, and degcades disiplay quality. 
For this reason, the liquid crystal drive level 
impedance should be reduced with opera- 
tional amplifiers. Figure 14 shows an example 
of an operational amplifier configuration. 


No load current flows through the dividing 
resistors because of the high input impedan- 
ce of the operational amplifiers. A high resis- 
tance of R = 10 kN and VR = 50 k0 can be 
used. 


3.3 Generation of Liquid Crystal Drive 
Levels in LSI 


The power supply circuit for liquid crystal 


drive level may be incorporated in the LSI, 
such as one for a portable calculator with 
liquid crystal display. 

HD61602, HD61603 for small display systems 
has a built-in power suply circuit for liquid 
crystal drive levels. 


3.4 Precaution on Power Supply Circuits 


The LCD driver LSI has two types of power 

supplies: the one for logical circuits and the 

other for the liquid crystal display drive cir- 

cuit. The power supply system is complicated 

because of several liquid crystal drive levels. 

For this reason, in the power supply design, | 
take care not to deviate from the voltage 

range assured in the maximum rating at the 

rise of power supply and from the potential 

sequence of each power supply. If the input 

terminal level is indefinite, through current 

flows and the power consumption increases 

because of the use of CMOS process in the 

LCD driver. 

Simultaneously, the potential sequence of 


each power supply becomes wrong, which 


may cause latch-up. 





( +5 V)Vec 


Common/segment selected high level 


Common non-selected high level 


Segment non-selected high level 


Segment non-selected low level 


Common selected low level 


Common/segment selected low level 


Contrast 


adjustment 
(-5 V) Vee 


For liquid crystal drive logic circuits 


+ Operational amplifier voltage follower 


Figure 14 Drive by Operational Amplifier (1/5 bias) 
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HD44100R 
(LCD Driver with 40-Channel Outputs) 


— Preliminary — 





Description Pin Arrangement 


The HD44100R has two sets of 20-bit bidir- 
ectional shift registers, 20 data latch flipflops 
and 20 liquid crystal display driver circuits. It 
receives serial display data from a display 
control LSI, converts it into parallel data and 
supplies liquid crystal display waveforms to 
the liquid crystal. 

The HD44100R is a highly general liquid 
crystal display driver which can drive a static 
drive liquid crystal and a dynamic drive liquid 
crystal, and can be applied as a common 
driver or segment driver. 





Features 


@ Liquid crystal display driver with serial/ 
parallel conversion function 

@® Serial transfer facilitates board design 

@ Capable of interfacing to liquid crystal (Top View) 
display controllers: HD43160AH, LCTC 
(HD61830/61830B), LCD-II (HD44780S, 
HD44780U), LCD-IIA (HD66780), 
LCD-II/E (HD66702), LCD-III (HD44790), 
HD66710 

@ 40 internal liquid crystal display drivers 

@ Internal serial/parallel conversion cir- 
cuits: 
—20-bit shift register x 2 
—20-bit.data latch x 2 

@ Display bias: Static to 1/5 

@ Power supply: 
—Internal logic: Vec=2.7 to 5.5V 
—Liquid crystal display driver circuit: 

Voc —Vrz=3 to 13V 

@ Separation of internal logic from liquid 
crystal display driver circuit increases 
applicable controllers and liquid crystal 
types 

@ CMOS process 





Ordering Information 


Type No. Vec (V) Vec—Vee (V) Package 
HD44100RFS 2.7 to 5.5 3 to 13 60-pin Plastic QFP (FP-60A) — 
HCD44100R 2.7 to 5.5 3 to 13 Chip 
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HD44100R 


Block Diagram 


LCD Drivers 


Shift 
direction 


direction 


LCD Drivers 





Absolute Maximum Ratings 





Item Symbol Value Unit 
Supply | Logic | Vec*! — 0.3 to + 7.0 Vv 
voltage LCD drivers Veg *2 Vec — 15.0 to Vec + 0.3 V 
Input voltage Vari *1 — 0.3 to Vec + 0.3 V 
input voltage Vr2*3 Vec + 0.3 to Vee — 0.3 V 
Operating temperature Topr — 20to + 75 °C 
Storage temperature Tstg — 55 to + 125 °C 


Notes: *1 All voltage values are referred to GND. 
*2 Connect a protection resistor of 220 0 + 5 % to Vee power supply in series. 
*3 Applies to Vito Ve. 
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Electrical Characteristics 


HD44100R 





(Vcc = 2.7 to 5.5 V, Vcc — Vez = 3 to 13 V, GND = 0 V, T. = — 20 to + 75°C) 
item Symbol Applicable Terminals Min Typ Max Unit Test Condition 
Input voltage Vy CL1,ClL2, DL1, DL2,  O.7Vec — # Vec V Vcc =4.5 to 5.5V 
DR1, DR2,M, SHL1, O.8Vcc — Vcc V Vec=2.7 to 4.5V 
Vit SHL2, FCS 0 —-  0.3Vec V Vec=4.5 to 5.5V |. 
6) —- 0.2Vec V Vec=2.7 to 4.5V 
Output voltage Voy DL1,DL2,DR1,DR2 Vece-04- — V lon = — 0.4 mA 
VoL — — 0.4 V lo. = + 0.4 mA 
On resistance Ron * 1 _ —- 20 kQ  +ly = 0.05 mA, Vec—Vee=4V 
Input leakage =|, CL1, CL2, DL1, DL2, ~5.0 — 5.0 LA Vin = 0 to Vec 
current DR1, DR2, M, SHL1, 
SHL2, FCS, NC 
Vi leakage Ive * 20 - 10.0 — 10.0 HA Vin = Vec to Vee 
current 
Power supply Icc * 3 _ oa 1.0 mA fci2 = 400 kHz 
current Es = — 10 HA fei = 1 kHz 
Notes: *1 Applies to the resistance between V, and Yj when a current + lg = 0.05 mA flows through 


all of the Y pins. 


*2 Output Y1 to Y40 open. 


*3 


Input/output current is excluded; when input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 
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Timing Characteristics 


(Vcc = 2.7 to 5.5 V, Vcc — Vez = 3 to 13 V, GND = OV, Ta = — 20 to + 75°C) 
item Symbol Applicable Terminals Min Typ Max Unit Test Condition 
Data shift fo. CL2 _ — 400 kHz 
frequency 
Clock high level tqwy CL1, CL2 800 —- —- ns 
width Low level = tow. CL2 800 —- — ns 
Data set-up time —tsy DL1, DL2,DR1,DR2, 300 —- — ns 

FLM 
Clock set-up time = ts. CL1, CL2 500 —- —- ns (CL2—CL1) 
Clock set-up time tis CL1, CL2 500 —- —- ns (CL1—-CL2) 
Data delay time tod DL1,DL2,DR1,DR2 — — 500 ns C. = 15 pF 
Clock rise/fall time te, CL1, CL2 — — 200 ns 
Data hold time ton DL1, DL2, DR1,DR2, 300 —- — ns 


Data in 
(DL1, DL2, DRI, DR2) 


Data out 
(DL1, DL2, OR1, DR2) 
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Figure 1 Timing Waveform 
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Terminal Function 
Table 1 Functional Description of Terminals 


Signal Number  Input/ 
Name of Lines Output Connected to Function 





Vec 1 power supply Power supply for logical circuit 

GND 1 Power supply Ov 

Vee 1 Power supply Power supply for liquid crystal display drive 

Y1—Y20 20 Output Liquid crystal Liquid crystal driver output (Channel 1) 

Yo1—Yao 20 Output Liquid crystal Liquid crystal driver output (Channel 2) 

Vi, V2 20 Input Power supply Power supply for liquid crystal display drive (Select level) 

V3, Va 2 Input Power supply Power supply for liquid crystal display drive (Non-select 
level for channel 1) 

Vs, V6 2 input Power supply Power supply for liquid crystal display drive (Non-select 
level for channel 2) | 

SHL1 1 Input Vec or GND Selection of the shift direction of channel 1 shift register 


SHL2 1 Input Vcc or GND 





DL1,DR1 2 | Input/ —- Controller Data input/output of channel 1 shift register 
output or HD44100R 
DL2, DR2 2 Input/ Controller Data input/output of channel 2 shift register 
output or HD44100R 
M 1 Input Controller Alternated signal for liquid crystal driver output 
CL1 1 Input Controller Latch signal for channel 1( L_) *1 
Used for channel 2 when FCS is GND 
CL2 1) Input Controller Shift signal for channel 1 (~ L_) *1 
Used for channel 2 when FCS is GND 
FCS 1 Input Vcc or GND Mode select signal of channel 2. FCS signal exchanges the 


latch signal and the shift signal of channel 2 and inverts M 
for channel 2. Thus, this signal exchanges the function of 
channel 2. 


Channel 2 
FCS Level | Latch signal | Shift signal | M Polarity 














CLI “LI Cl2 ~L. For segment drive 
* 1 * 1 #2 
NC 1 Don't connect any wires to this terminal. 


Notes: *1 _f and l|_ indicate the latches at rise and fall times, respectively. 
*2 The output level relationship between channel 1 and channel 2 based on the FCS signal 
level is as follows: : 
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FCS Data M 
1 1 
Vec | (Select) 0 
(1) 0 1 
(Non-select) O 
1 1 
GND (Select) 0 
(0) | 0) 1 
(Non-select) 0 


1 and O indicate high and low levels, respectively. 


- Output Level - 
Channel 1(¥:—Y20) Channel 2 (Y21—Yao) 
Vi V2 
V2 V1 
V3 Ve 
Va V5 
Vi V; 
V2 V2 
V3 Vs 
Va Ve 





Applications 
Segment Driver 
When the HD44100R is used as a segment 


driver, FCS is set to GND to transfer display 
data with the timing shown in figure 2. In this 


M 


CL1 
Output of 
latch 
(Y¥;—Yao) 


M 


CL2 


DL1/DR1 
DL2/DR2 


case, both channel 1 and channel 2 shift data 
at the fall of CL2 and latch it at the fall of CLI. 


~ V3 and Vs, Va and Ve of the liquid crystal 


display driver power supply are short-cir- 
cuited, respectively. 





Figure 2 Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle) 
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Common Driver display data with the timing shown in figure 
3. | 

In this case, channel 1 is used as a segment In this case, channel 2 shifts data at the rise of 

driver and channel 2 as common driver. CL1 and latches it at the rise of CL2. Channel 


When channel 2 of HD44100R is used as 1 shifts and latches as shown in figure 2. 
common driver, FCS is set to Vcc to transfer 


Pa rq Non-select i 
Select Select 


/ Non-select 


Select Select 


Enlarged view \ 


\ 
DL2/DR2(FLM) ~ a a cae) 
M 1 ea eee 


Shift. 


a a a 


Latch 
Ck2 oo eg 
Y21 tse cata 
(Yao) i leas 


Figure 3 Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty 
Cycle) | 
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Both Channel 1 and Channel 2 Used as 
Common Drivers (FCS = GND) 


When both of channel 1 and channel 2 of 
HD44100R are used common drivers, FCS is 
set to GND and the signals (CL1, CL2, FLM) 
from the controller are connected as shown in 
_ figure 4. 
In this case, connection of the liquid crystal 
display driver power supply is different from 
_ that of segment driver, so refer to figure 4. 
@ V:, V2: Select level of segment and com- 
mon 
@ V3, V4: Non-select level of segment 
@ Vs, Ve: Non-select level of common 


Static Drive 


When the HD44100R is used in the static 
drive method (figure 5), data is transferred at 


Controller 
(HD43160AH 
etc. 


Drive voltage of 
liquid crystal 


display 





the fall of CL2 and latched at the fall of CL1. 
The frequency of CL1 becomes the frame 
frequency of the liquid crystal display driver. 
The signal applied terminal M must have 
twice the frequency of CL1 and be synchron- 
ized at the fall of CL1. The power supply for 
liquid crystal display driver is used by short- 
circuiting V:, Va and Ve, and V2, V3, and Vs 
respectively. | 

One of the liquid crystal display driver output 
terminals can be used for a common output. 
In this case, FCS is set to GND and data is 
transferred so that 0 can be always latched in 
the latch corresponding to the liquid crystal 
display driver output terminal used as the 
common output. If the latch signal corre- 
sponding to the segment output is 1, the 
segments of LCD light. They also light for 
common side = 1, and segment side 0. 


HD44100R 
Segment 
driver 


Figure 4 Connection When Both Channels Are Common Drivers 
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First Second 


figure figure —-——~-—-—--—-—-—-—-— 






Figure 5 Static Drive Connection 


Timing Chart of Input Waveforms 





79 80 


‘| | | | | | (Shift Clock) 


(Display Data) 
1:on_ O: off 


CL, | (Latch Clock) 


Notes: 


1. 


input square waves of 50% duty cycle (about 
30—500 Hz) to M. The frequency depends 
on the specifications of LCD panels. 

The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1. Therefore, when the alternating signal 


-M and CL1 do not fall synchronously, DC 


elements are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 
minutes, and seconds of a clock). To avoid 


this, have CL1 fall synchronously with the 
one edge of M. 

In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD44100R outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 
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HD44100R 


SHL; 2 


Data transformed Data O corresponding to 
HD44100R to Y2 to Yao Y; (COM signal) 


CL, | | 





160 | HITACHI 





HD66100F 
(LCD Driver with 80-Channel Outputs) 


The HD66100 description segment driver Comparison with HD44100H 
with 80 LCD drive circuits is the improved 





version of the no longer current HD44100H Table 1 shows the main differences between 
LCD driver with 40 circuits. HD66100 and HD44100H. 

It is composed of a shift register, an 80-bit 

latch circuit, and 80 LCD drive circuits. Its 

interface is compatible with the HD44100H. Table 1 Deffences between Products 
It reduces the number of LSI’s and lowers the HD66100 and HD44100H 


cost of an LCD module. 
HD66100 HD44100H 


LCD Drive Outputs 80x 1 Channel 202 channels 


Supply Voltage 3to6 V 4.5to11V 
for LCD Drive , 
Features Circuits 
@ LCD driver with serial/parallel converting Multiplexing Static to 1/16 static to 1/32 
function Duty Ratio duty duty 
@ Interface compatible with the HD44100H; Package 100-pin 60-pin 
connectable with HD43160AH, HD61830, plastic QFP plastic QFP 
HD61830B, LCD-ll (HD44780), LCD-lll 
(HD44790) 


@ Internal output circuits for LCD drive: 80 
@ Internal serial/parallel converting cir- 
cuits: 


Ordering Information 


ee Merete ; ess . Type No. Package 
epee HD66100F _100-pin plastic QFP (FP-100) 

@ Power supply HD66100FH 100-pin plastic QFP (FP-100B) 
—Internal logic circuit: +5 V +10% HD66100D Chip 


—-LCD drive circuit: 3.0 V to 6.0 V 
@ CMOS process 
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Pin Arrangement 


HD66100F 


HD66100FH 


(FP-100) (FP-100B) 


(Top View) 
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Pin Description 

Vec, GND, Vee: Vcc supplies power to the 
internal logic circuit. GND is the logic and 
drive ground. Vez supplies power to the LCD 
drive circuit. 


Vi; Vo, V3, and Va: Vi to V4 supply power for 
driving an LCD (figure 2). 


CL1: HD66100 latches data at the negative 
edge of CL1. 


CL2: HD66100 receives shift data at the neg- 
ative edge of CL2. 


M: Changes LCD drive outputs to AC. 


Table 2 Pin Function 


Symbol Pin No. Pin Name 1/0 
Veco 46 Vee = 
GND 36 Ground - 
Vee 31 Vee = 
V1 32 V1 a 
V2 33 V2 = 
V3 34 V3 ws 
V4 35 V4 = 
CL1 37 Clock 1 I 
CL2 40 Clock 2 | 
M 44 M | 
DI 41 Date In I 

- po 42 Date Out O 
SHL 39 Shift Left | 
Y1-Ygo 1-30,51-100 Y1-Y80 O 


NC 38,43,45,47-50 No Connection —-— 


V;,, V2: Selected level 
V3, Va: Non-selected level 


HD66100F 


DI: Inputs data to the shift register. 
DO: Output data from the shift register. 


SHL: Selects a shift direction of serial data. 
When the serial data is input in order of Di, D2, 
..., D79, Dgo, the relation between the data and 
the output Y is shown in table 3. 


Y1-Ygo: Each Y outputs one of the four voltage 
levels-Vi, V2, V3, or Va-according to the com- 
bination of M and display data (figure 2). 


NC: Do not connect any wire to these termi- 
nals. 


Table 3 Relation Between SHL and 





Data Output 
SHL V1 Y2 V3.0... Y79 Yao 
High D1 D2 DS us: D79 D80 
Low D80 D79 0D78..... D2 D1 





Y OUtpUt |g play papas 
level Vv 


V1 V3 V2 4 


When used as a common driver 





Figure 1 Selection of LCD Drive Output 





Figure 2 Power Supply for Driving an LCD 
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Block Functions 
LCD Drive Circuits 


Select one of four levels of voltage V 1, V2, V3, 
and V, for driving a LCD and transfer it to the 
output terminals according to the combina- 
tion of M and the data in the latch circuit. 


Latch Circuit 
Latches the data input from the bidirectional 


shift register at the fall of CL1 and transfer its 
outputs to the LCD drive circuits. 


SHL = GND 


Bidirectional Shift Reigster 


Shifts the serial data at the fall of CL2 and 
transfers the output of each bit of the register 
to the latch circuit. When SHL = GND, the 
data input from DI shifts from bit 1 to bit 80 in 
order of entry. On the other hand, when SHL 
= Vcc, the data shifts from bit 80 to bit-1. In 
both cases, the data of the last bit of the 
register is latched to be output from DO at 
the rise of CL2. 


LCD drive outputs 


Y¥79 Y80 


Ha] 2] Latch circuit Bo 


ns 


LCD drive outputs 


Y79 Y80 


@oeeee?eeeeee0e8080 860 8 


| 2| Latch circuit a} | 


iit 





Figure 3 Relation between SHL and the Shift Direction 
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HD66100F 


LCD drive outputs Y79 YR0 


et eae Fe 
[P| tev aw ara Pe 


M Vi, V2, V3, Va 


(alternating signal) (power supply for 


5 2 Level shifter 0 


cu [EL ae 


(latch clock) 


it 


DO 
(output data) 


DI 
(input data) 


read 


ogic circuit 


Logic circu 


: 


CL2 SHL 


(shift clock) (selects 


a shift direction) 


Figure 4. Block Diagram 
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Primary Operations 
Shifting Data 


The input data DI shifts at the fall of CL2 and 
the data delayed 80 bits by the shift register 
is output from the DO terminal. The output of 
DO changes synchronously with the rise of 
CL2. This operation is completely unaffected 
by the latch clock CL1. 


Latching Data 


The data of the shift register is latched at the 


Shift clock 


Input data 


Output data 


negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yso change synchronously 
with the fall of CL1. 


Switching Data Shift Direction 


When the shift direction switching signal 
SHL is connected with GND, the data D80, 
immediately before the negative edge of CL1, 
is output from the output terminal Y;. When 
SHL is connected with Vcc, it is output from 
Yeo. 





Figure 5 Timing of Receiving and Outputting Data 


Latch clock CLI 


Outputs Y1- Y80 





Figure 6 Timing of Latching Data | 
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SHL = GND 
Shift clock 


Input data 


Latch clock 





Outputs 


SHL= Vec 


Outputs 





Figure 7 SHL and Waveforms of Data Shift 
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Absolute Maximum Ratings 


Item Symbol 
Supply Logic Circuits Vcc 
Voltage 

LCD Drive Circuits Vec—Veg 
Input Voltage (1) Mr1 
Input Voltage (2) Vr2 
Operation Temperature Topr 
Storage Temperature Tstg 


*1 A reference point is GND (= O V) 
*2 Applies to Vi—V64. 


haeioe 

-—0.3 to +7.0 
-0.3 to +7.0 
—0.3 to Vec + 0.3 
Vec + 0.3 to Vee — 0.3 
-—20 to +75 


—55 to +125 


aolol|l<i<|<|< 


_ Note 


a 


“7 


“2 


Note: If used beyond the absolute maximum ratings, LSIs may be permanently destroyed. It is best to 
use them at the electrical characteristics for normal operations. If they are not used at these 
conditions, it may affect the reliability of the device. 
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Electrical Characteristics 


DC Characteristics 
(Vcc = 5 V + 10%, Vec— Vex=3.0 to 6.0 V, GND = 0 V, Ta = —20 to +75°C) 


item Symbol Terminals Min. Typ. Max. Unit Test condition Note 
Input High Voltage Vin CL1,ClL2 0.8 x Vec- Vec V 
Input Low Voltage Vit M, Di, SHL O = 0.2 x VecV 
Output High Voltage Voy DO Vec—-0.4 —- = V lon = —0.4 mA 
Output Low Voltage Vo. - a 0.4 V lo. = +0.4 mA 
On Resistance Roni = = 11 kQ lon = 0.1 mA to 
Vi-Vj Y1-Ys8o one Y terminal 
Ron2 Vi-V4 = = 30 kQ lon = 0.05 mA to 
each Y terminal 
Input Leakage Current tj CL1,CL2, -—5.0 _ 5.0 KA Vin = O V to Vec 
M, DI, SHL 
Vi Leakage Current ia V-V4 -5.0 _ 5.0 KA Output Y1-Ygo open 
Vin = Vcc to Vee 
Current Dissipation IGND o = 2.0 MA fco2=1.0MHz *1 
lee oa = 0.1 MA fcr = 2.5 kHz 


*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, excessive 
current flows from the power supply through the input circuit. 
To avoid this, Vin and Vii must be fixed at Vcc and GND level respectively. 


AC Characteristics 
(Vcc = 5 V + 10%, Vec— Vez = 3.0 to 6.0 V, GND = 0 V, Ta = —20 to +75°C) 


item Symbol Terminals Min. Typ. Max. Unit Note 
Data Shift Frequency fei CL2 = a 1 MHz 
Clock High level Width — tawy CL1,CL2 450 - ~ ns 
Clock Low level Width = tqw,. CL2 450 = - ns 
Data Set-Up Time fsy DI 100 = = ns 
~ Clock Set-Up Time (1) to, CL2 200 | = 7 ns *1 
Clock Set-Up Time (2) tis CL1 200 ~ - ns *2 
Output Delay Time tod DO - = 250 ns "3 
Data Hold Time tou DI 100 = = ns 
Clock Rise/Fall Time fet CL1,CL2 = = 50 ns 


*1 Set-up time from the fall of CL2 to that of CL1. 
*2 Set-up time from the fall CL1 to that of CL2. 
*3 Test terminal 


Cy, (Load capacitance on outputs) = 30pF 
(Including jig capacitance) 
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Figure 8 Timing Chart of HD66100F 
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Typical Applications 


Connection with the LCD Controller HD44780 





fas 
8 
=~ 
© 
a 
= 
sj 
x 
n 


y Contrast 





[power us pd ; 
rive 


for LCD 


1/5 bias) 


Figure 9 Example of Connection (1/16 duty cycle, 


bs 
S 
& 
x= 


* Contrast 


Aze 
da S>>>>> 


z 


er supply 
LCD drive} 


(pow 
for 





Figure 10 Example of Connection (1/8 duty cycle, 1/4 bias) 
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-HD66100F 


Connection with LCD Ill (HD44790) 


{power supply 
for LCD drive} 





Figure 11 Example of Connection (1/3 duty cycle, 1/3 bias) 


Static Drive 


Second ‘e668 ‘deci 


figure 


COM signal 


SEG1— SEG80 


inverter 


Y1— Yeo 


SHL HD66100F 


CL2 
M 


Vec 


GND 





Figure 12 Example of Connection (80-segment display) 
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© Timing Chart of input Waveforms 


1 


HD66100F 


78 79 80 


Input data DI 


Latch clock CLI | | 


Figure 13 Timing Chart of Input Waveforms 


Notes: 


1. 


input square waves. of 50% duty cycle (about 
30-500Hz) to M. The frequency depends on 
the specifications of LCD panels. 


. The drive waveforms corresponding to the 


new displayed data are output at the fall of 
CL1. Therefore, when the alternating signal M 
and CL1 do not fall synchronously, DC ele- 


ments are produced on the LCD drive. 


waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 


HD66100F 


Data transferred to Y2—Yso 








minutes, and seconds of a clock). To avoid 
this, make CL1 fall synchronously with the 


‘one edge of M. 
. In this example, the CMOS inverter is used as 


a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments. ) 

Usually, one of the HD66100F outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be O in 
that case. 


data 0 corresponding to 
Yi (COM signal) 


CLI | | 


Figure 15 Timing Chart (when Y: is used as a COM signal) 
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(LCD Driver with 80-Channel Outputs) 


Description 


The HD61100A is a driver LSI for liquid crystal 
display systems. It receives serial display data from 
a display control LSI, HD61830, etc., and generates 
liquid crystal driving signals. 


It has liquid crystal driving outputs which 
correspond to internal 80-bit flip/flops. Both static 
drive and dynamic drive are possible according to 
the combination of transfer clock frequency and 
latch clock frequency. 


Ordering Information 


Type No. Package 
HD61100A 100-pin plastic QFP(FP-100) 


Absolute Maximum Ratings 


Features 


Liquid crystal display driver with serial/parallel 
conversion function , 
Internal liquid crystal display driver: 80 drivers 
Display duty cycle 

Any duty cycle is selectable according to 
combination of transfer clock and latch clock 
Data transfer rate: 2.5 MHz max. 


Power supply 
Vcc: +5 V + 10% (Internal logic) 
Vcec-Vgg: 5.5 to 1.7 V (Liquid crystal 


display driver circuit) 
Liquid crystal driving level: 17.0 V max. 
CMOS process 


-—0.3 to Vcc + 0.3 V 2,3 


item Symbol 
Supply voitage (1) | Voc 
Supply voltage (2) . VEE 
Terminal voltage (1) VTi 
Terminal voltage (2) Vt2 


Operating temperature Topr 


Storage temperature Tstg 


Value Unit Note 
~ 0.3 to +7.0 V 2 
Voc ~ 19.0 to Voc + 0.3 MV 

Vee -— 0.3 to Vcc + 0.3 V 

~ 20 to +75 °C 

— 55 to +125 °C 


Notes: 1. LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In ordinary 
operation, it is desirable to use them within the limits of electrical characteristics, because 
using it beyond these conditions may cause malfunction and poor reliability. 


P.O. 


All voltage values are referred to GND = 0 V. 
Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E, and M. 
Applies to Vit, Vir, Vat, Var, Vat, Var, Vat and Var. Must maintain: 


Voc 2 Vit = Vir 2 Vai = Var 2 Vat = Var 2 Var = Vor 2 Vee. 
Connect a protection resistor of 15 Q + 10% to each terminals in series. 
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Pin Arrangement 


Y30[.1 | 
Y29| 2 | 
Y28[3 | 
Y27|.4_ 
Y26[5 | 
Y2516_ 
Y24[7 | 
Y23[8 | 
Y22[9_ 
Y21/10 
Y20[11, 
Y19[12) 
Y18[13) 
Y17(14| 
Y16[15| 
Y15|16 
Y14 
Y13[18| 
Y12[19) 
Y11[20 
Y10(21| 
Y9 {22) 
Y8 [23 


Y6 [25] 
YS (26. 
Y4 [27| 
Y3 [28 
Y2 (29) 
Y1 (30) 


99] Y32 
198] Y33 
197] Y34 
96] Y35 
195| Y36 
194] Y37 
93] Y38 
I92| Y39 
91] Y40 


90] Y41 


89] Y42 
88] Y43 
86] Y45 
85] Y46 
184| Y47 
83] Y48 


82] Y49 


87] Y44 
81] Y50 


100 Y31 


Ver (31) 
Vit 182! 
Vo. {33 
V3. [34 
V4. [35 


.GND[36 
CL1 [37 


FCS [38! 
Vec [46 
Var [47 
VaR (48) 
Vor (49) 
Vir (50) 


DL 


CL2 [40) 
41 
DR [42 
43) 
M [44 


SHL [39 


— CAR[45 


(Top view) 
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80] Y51 
Y52 
Y53 
Y54 
76] Y55 
'75| Y56 
74] Y57 
73) Y58 
72] Y59 
Y60 
Y61 
69] Y62 
68] Y63 
Y64 
66] Y65 
65} Y66 
64] Y67 
63] Y68 
62] Y69 
61] Y70 . 
60] Y71 
59] Y72 
58] Y73 
Y74 
56] Y75 
55|Y76 © 
54] Y77 
53] Y78 
52] Y79 
51] Y80 
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Electrical Characteristics 


DC Characteristics | | 
(Vcc = 5 V + 10%, GND = 0 V, Vcc-VrEE = 5.5 to 17 V, Ta = -20 to +75°C) 


item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vin 0.7xVcc — Voc V 1 
Input low voltage Vit O — = 03xVec V 1 
Output high voltage VoH Vec04 — — V loH = - 400 pA 2 
Output low voltage VoL — — 0.4 V lo. = +400 pA 2 
Driver resistance Ron —_— — 7.5 kQ Vee=-10V, 3 
Load current = 
100 pA 
Input leakage current liv -1 — +1 vA Vin=Oto Vcc 1 
Input leakage current liv2 -2 — +2 pA Vin=VeEtoVcc 4 
Dissipation current (1) IGND — — 1.0 mA 5 
Dissipation current (2) lEE — — 0.1 mA 5 
Notes: 1. Applies to CL1, CL2, FCS, SHL, E, M, DL, and DR. 
2. Applies to DL, DR, and CAR. 
3. Applies to Yi—Y80. 
4. Applies to Vit, Vir, Vat, Var, Vat, Var, Vat, and Var. 
5. Specified when display data is transferred under following conditions: 
CL2 frequency fcp2 = 2.5 MHz (data transfer rate) 
CL1 frequency fcp; = 4.48 kHz (data latch frequency) 
M frequency fu = 35 Hz (frame frequency/2) 
Specified when Vin = Vcc, Vit = GND and no load on outputs. 
Ianb: currents between Vcc and GND. 
lc: currents between Vcc and Vee. 
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AC Characteristics 
(Vcc = 5 V + 10%. GND = 0 V, Vec-VeErE = 5.5 to 17 V, Ta = —20 to +75°C) 





Item Symbol Min Typ Max Unit Test Condition Note 
Clock cycle time tcc 400 — — ns | 

Clock high level width tCWH 150 — — ns 

Clock low level width tcew. _—sé«é150 — — ns 

Clock setup time tSCL 100 _— — ns 

Clock hold time tHCL 100 — — ns 

Clock rise/fall time ter — — 30 ns 

Clock phase different time tcL 100 — — ns 

Data setup time tpsu 80 — — ns 

Data hold time tDH 100 — — ns 

E setup time tesu 200 — — ns 

Output delay time tDCAR — — 300 ns 1 
M phase difference time tcm — ~— 300 ns 


Note: 1. The following load circuits are connected for specification: 


test point 
tet tet | 30 pF 





CL1 
ViH 
CL2 
tosu Vit 
tCWH tCwL DH 
tet tet 
ViL 
cui Vue \ 
VIH 
CL2 _/ 3 
can. 


ml 
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IHOVWLIH 


M 


CL1 


DL 
DR 


SHL 
CL2 


Vit Vat Vai Vat Y1 Y2 Y80 VinVoRVeRVan 


Liquid crystal display | mi 
se lls|*l7le] tera” Faye 


fi 
Latch circuit 2 
sle|s{4|s|e|7|e] goer 78980 














“Voc 
GND 
bel ss 
51617 Latch circuit 1 
CAR 





ne ame eae enw an one GD ED GD OD oO oe On am OD On am on on oe Oe oe OD oe Control circuit 


WBISBIG. YG 


VOOLT9GH 


Block Function 
Liquid Crystal Display Driver Circuit 


The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, V1, V2, V3 and V4 to be output. 


80-bit Latch Circuit 2 


The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 


S/P 


Serial/Parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is "L" level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR which is in the 
output status. 

When SHL is "H” level, input data from terminal 
DR without connecting any lines to terminal DL. 


80-bit Latch Circuit 1 


The 4-bit data is latched at 91 to 920 and output to 
latch circuit 2. When SHL is "L" level, the data 
from DL are latched one in order of 132-33 ... > 
80 of each latch. When SHL is "H" level, they are 
latched in a reverse order (80-79-78 ... 1). 
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Selector 


The selector decodes output signals from the 
counter and generates latch clock 91 to 620. When 
the LSI is not active, 91 to 920 are not generated, 
so the data at latch circuit 1 is stored even if input 
data (DL, DR) changes. 

Control Circuit 

Controls operation: When E—F/F (enable F/F) 
indicates "1", S/P conversion is started by 
inputting "L" level to E. After 80-bit data has been 
all converted, CAR output turns into "L" level and 
E—F/F is reset to "0", and consequently the 
conversion stops. E—F/F is RS flip-flop circuit 
which gives priority to SET over RESET and is set 
at "H" level of CL1. 

Counter consists of 7 bits, and the output signals 
of upper 5 bits are transferred to the selector. CAR 
signal turns into "H" level at the rise of CL1 and 
the number of bit which can be S/P-converted 
increases by connecting CAR terminal with E 
terminal of the next HD61100A. 
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Terminal Functions Description 


Terminal 
Name 


Voc 
GND 
VEE 


Vit-Vat 
Vir-V4r 


Y1—Y80 


Number of - 
Terminals 1/0 


1 


1 
1 
8 


Connected 
to 


Power 
supply 


Power 


supply 


Functions : 
Voc — GND: Power supply for internal logic 
Voc — Vee: Power supply for LCD drive circuit 


Power supply for liquid crystal drive. 


Vit (Vir), Vat (Var): Selection level 
Vat (Var), Vat (Var): Non-selection level 


Power supplies connected with Vi_ and Vir (Vat & Var, 
Va. & Var, Vat & Var) should have the same voltages. 


Liquid crystal driver outputs. 
Selects one of the 4 levels, V1, V2, V3, and V4. 


Relation among output level, M and display data (D) is as 
follows: 


rao valve |valv4| 





Controller 


Switch signal to convert liquid crystal drive waveform into 
AC. 





DL, DR 


2 


1 l 


1 I 


Controller 


Controller 


1/O Controller 


Latch clock of display data (fall edge trigger). 


Liquid crystal driver signals corresponding to the display 
data are output synchronized with the fall of CL1. 


Shift clock of display data (D). 
Falling edge trigger. 
Input of serial display data (D). 


Liquid Crystal Liquid Crystal 
(D) Driver Output Display 


1 (High) | Selection level On 


0 (Low) Non-selection level Off 


V/O status of DL and DR terminals depends on SHL input 
level. 


SHL DL DR 
High O | 
Low [ O 
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Terminal Functions Description (cont) 





Terminal Number of Connected 

Name Terminals 1/0 to Functions 

SHL ae | i VecorGND Selects a shift direction of serial data. 
When the serial data (D) is input in order of D1 — ... - D80, 
the relations between the data (D) and output Y are as 
follows. 
SHL Y1 Y2 Y3 ue Y80 
Low D1 D2 D3 ce Ds0 
Hig D80 D79 D78 ae D1 
When SHL is low, data is input from the terminal DL. No 
lines should be connected to the terminal DR, as it is in the 
output state. 
When SHL is high, the relation between DL and DR 
reverses. 

E 1 1 GND orthe Controls the S/P conversion. 


terminal The operation stops when E is high, and the S/P 
CAR of the conversion starts when E is low. 


HD61100A 
CAR 1 O Input Used for cascade connection with the HD61100A to 
terminalE increase the number of bits which can be S/P converted. 
of the 
| HD61100A | 
FCS 1 l GND Input terminal for test. 


Connect to GND. 


Operation of the HD61100A 
The following describes an LCD panel with 64 x —_ example of liquid crystal display and connection to 


240 dots on which characters are displayed with HD61100A's. Figure 2 is a time chart of 
1/64 duty cycle dynamic drive. Figure 1 is an HD61100A I/O signals. 


HITACHI 181 





HD61100A 


comet LET te fa foe] [feof 
com —ol 13 | fh | deol fer 


cow TE 


63, | 
como—ey Se] eT | tT 


64, | 64, | 64, 64, 
comes—e} $4 | S4 w] [te] 


Y80 






HD61100A (No. 1) 
“HY = 
woesaaasls 





~~! U) =" oc 
r “Nucle 
weesdaass 






Mo iil il 
eae 2 enaean & if 
abe ae aaa 
DATE © 


Cascade three HD61100As. Input data to the terminal DL of No. 1, No 2, and 
No. 3. Connect E of No. 1 to GND. Don’t connect any lines to CAR of No. 3. 


Connect common signal terminals (COM1—COM64) to X1—X64 of common driver 


HD61103A. (m,n) in LCD panel is the address corresponding to each dot. 


Figure 1 LCD driver with 64 x 240 dots 
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CAR(No. 1) ''E(No. 2) 
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oe ere 1 Frame (aerate mma cence era ecaareiel . | pn dewn wea =era= Te 


- 
1 
M I 
Cli Ww! 
Y1(No. 1) TEXDEDEENEE ------ DAQAAGOOOQE ------ 2O0OQO00C 
Y2(No. 1) KEXEXEXDERE ------ HOA IQOOC ------ JO0OCOOC 


Y8O(No. Cp DD, ED, TD. 


Y80(No. 3) 





Timing chart for the example of connection in figure 1. 
DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 











Timing 
chart 

of 
horizontal 
direction 


Timing 
chart 

of 
vertical 
direction 


Timing 
chart 
of 
liquid 
crystal 
display 
driver 
output 
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Application Examples 


An Example of 128 x 240 Dot Liquid Crystal Display (1/64 Duty Cycle) 


a 4 


joued eddy 


joued Jomo] 


g 
2 
g 
2 





Figure 3 128 x 240 Dot Liquid Crystal Display 


The liquid crystal panel (figure 3) is divided into 
upper and lower parts. These two parts are driven 
separately. HD61100As No. 1 to No. 3 drive the 
upper half. Serial data, which are input from the 
DATA(1) terminal, appear at Y; ~ Y2 — -- Ygo 
terminal of No. 1, then at Y; > Yz — -- Ygo of 
No. 2 and then at Y; — Y2 — -- Ygo of No. 3 in 
the order in which they were input (in the case of 
SHL = low). HD61100As No. 4 to No. 6 drive the 


lower half. Serial data, which are input from the 
DATA(2) terminal, appear at Yg9 > Y79 > -- Yj 
of No. 4, then at Ygq — Y79 — -- Y; of No. 5 and 
then Ygoq > Y79 > -- Y of No. 6 in the order in 


which they were input (in the case of SHL = high). 
As shown in this example, PC board for display 
divided into upper and lower half can be easily 
designed by using SHL terminal effectively. 
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Example of 64 x 150 Dot Liquid Crystal Display (1/64 Duty Cycle, SHL = Low) 


Liquid crystal display panel 


Y1 <——™— Y80 Y1-—™™— Y70 
HD61100A No. 1 HD61100A No. 2 





Figure 4 64 x 150 Dot Liquid Crystal Display 


4-bit parallel process is used in this LSI to lessen the power dissipation. 
Thus, the sum of the dots in horizontal direction should be multiple of 4. 
If not, as this example (figure 4), consideration is needed for input signals (figure 5). 


AA NESINSA } 
oo Effective na Duniny a 


Figure 5 Input Dots, 150 Horizontal Dots 





As the sum of dots in lateral direction is 150, 2 more dummy data bits are transferred (152 = 4 x 38). 
Dummy data, which is output from Y71 and Y72 of No. 2, can be either 0 or 1 because these terminals. do 
not connect with the liquid crystal display panel. 
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(LeD Driver with 80-Channel Outputs) 


Description | Features 


The HD61200 is a column driver LSI for a large- >» 
area dot matrix LCD. It employs 1/32 or more duty 
cycle multiplexing method. It receives serial 
display data from a micro controller or a display «+ 
control LSI, HD61830, etc., and generates liquid 
crystal driving signals. ° 


Ordering Information 


Liquid crystal display driver with serial/parallel 
conversion function 

Internal liquid crystal display driver: 80 drivers 
Drives liquid crystal panels with 1/32-1/128 
duty cycle multiplexing 

Can interface to LCD controllers, HD61830 
and HD61830B 

Data transfer rate: 2.5 MHz max 

Power supply: Vcc: 5 V + 10% (Internal 


logic) 





Type No. Package ae 
— ¢ Power supply voltage for liquid crystal display 
HD61200 100-pin plastic QFP(FP-100) drive: 8 V to 17 V 

¢ CMOS process 
Absolute Maximum Ratings 
Item Symbol Value Unit Note 
Supply voltage (1) Voc -0.3 to +7.0 V 2 
Supply voltage (2) Veg Voc — 19.0 to Vog + 0.3 V 
Terminal voltage (1) V1 0.3 to Voc + 0.3 V 2,3 
Terminal voltage (2) Vio Vee — 0.3 to Voc + 0.3 V 
Operating temperature Topr —-20 to +75 °C 
Storage temperature Tstg —55 to +125 °C 


Notes: 1. LSIs may be permanently destroyed if being used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 


may 


All voltage values are referenced to GND =0 V. 
Applies to input terminals, FCS, SHL, CL1, CL2, DL, DR, E, and M. 
Applies to V1,, Vig, Vor, Vor, Vat, Var, Vat, and Var. Must maintain 


Vec 2 Vit = Vir 2 Vai = Var 2 Var = Var 2 Var = Var 2 Vee. 


Connect a protection resistor of 15 Q + 10% to 
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each terminal in series. 





Pin Arrangement 


wv MN oma oa m= A aed oO © 

PRSSSLSSBISSISISSSSS 

SAIS SSIS SSSI SH SSS lle 

BIR IBIBIEIRIBIBIBIRIEISIBIBIBIRISISISIE 

1) Q2-HIN Corcaence 

BesssZ gS Ea aes SESS 
(Top View) 
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80] Y51 
79 | Y52 
78] Y53 
Y54 
Y55 
Y56 
Y57 


Y58 


Y59 


Y60 
Y61 
169] Y62 
168] Y63 
Y64 
166] Y65 
165] Y66 
Y67 
Y68 
162] Y69 
Y70 
160] Y71 
59] Y72 
58] Y73 
Y74 
56] Y75 
55] Y76 
Y77 
53] Y78 
Y79 
51] Y80 
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Electrical Characteristics 


DC Characteristics | 
(Vcc = 5 V + 10%, GND = 0 V, Vea —- VEE = 8 V to 17 V, Ta = -20 to 75°C) 
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item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vin 0.7xVoo — Voc V 1 
Input low voltage Vit 0 — 03x V- | 1 
Voc 
Output high voltage Vou Voc -0.4 — — V lon = 400 pA 2 
Output low voltage Voi — — 0.4 V lo, = 400 pA 2 
Driver on resistance Ron _— — 7.5 kQ Load current = 5 
100 pA 
Input leakage current — lit -1 — 1 WA Vin = 0 to Voc 1 
Input leakage current — lito -2 — 2 pA Vin=VeeEtoVcc 3 
Dissipation current (1) lanp — — 1.0 mA 4 
Dissipation current (2) lee — — 0.1 mA 4 
Notes: 1. Applies to CL1, CL2, SHL, E, M, DL, and DR. 
2. Applies to CAR. 
3. Applies to Vi_, Vir, VoL, Vor, Vat, Var, Vac, and Var. 
4. Specified when display data is transferred under following conditions: 
CL2 frequency fcp2 = 2.5 MHz (data transfer rate) 
CL1 frequency fcop; = 4.48 kHz (data latch frequency) 
M frequency fry = 35 Hz (frame frequency/2) 
Specified at Vip = Voc (V), Vit = 0 V and load on outputs. 
Ianp: Currents between Vcc and GND. 
leg: currents between Vcc and Veg. 
5. Resistance between terminal Y and terminal V (one of V4., Vip, Vat, Varn, Vat, Var, Vai, and 


Var when load current flows through one of the terminals Y1 to Y80. This value is specified 
under the following condition: 


Voc - Vee =17V 
Vit = Vin, Vat = VaR = Voc - 2/7 (Voc— Vee ) 
Vo. = Vor, Va = Var = Vee +2/7 (Voc— Vee ) 


| RON 
Mit» MR ————_—__—_ 
NGI. NOR: eels 
Terminal Y 
V4. V4R ——__——__o (Y1-Y80) 


Ve_, Ver 
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The following here is a description of the range of power supply voltage for liquid crystal display drivers. 
Apply positive voltage to Vj; = Vip and V3, = V3p and negative voltage to V2, = V2R and V4, = Var 
within the AV range. This range allows stable impedance on driver output (RON). Notice the AV depends 
on power supply voltage Vcc—Vgg. 





Vec 
V1 (Vit = Vir) Range of Power Supply 
---- V3 (V3 = Var ) Voltage for Liquid Crystal 
Display Drive 


(V) 


AV 


Soscueelnecs V4 (V4L = VaR) 
eae Satieere tok V2 (VaL = Var ) 
EE 





8 17 
Voc~ Vee (V) 
Correlation between Driver Output Correlation between Power 
Waveform and Power Supply Voltages Supply Voltage Voo- VegandAV 


for Liquid Crystal Display Drive 
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Terminal Configuration 


Input Terminal 


Voc Applicable terminals : 
CL1, CL2, SHL, E, M 
PMOS 
NMOS 


Input Terminal (with Enable) 
Applicable terminals: DL, DR 


Voc Vcc 





Output Terminal 


| Voc 
Applicable terminal: CAR 
PMOS | 
NMOS 


Applicable terminals: 
Output Terminal Y1-Y80 


Vir Vir 
V3_ Var 
Vat» Var 


VoL: Var 
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AC Characteristics 
(Vcc = 5 V + 10%, GND = 0 V, Ta = —20 to +75°C) 


item Symbol Min Typ Max Unit Test Condition Note 
Clock cycle time tcyc 400 — — ns 

Clock high level width towH 150 — — ns 

Clock low level width tow 150 — — ns 

Clock setup time tscr 100 — — ns 

Clock hold time tHcL 100 — — ns 

Clock rise/fall time tor — — 30 ns 

Clock phase different time teL 100 — — ns 

Data setup time tpsu 80 — ~— ns 

Data hold time tou 100 —— —_ ns 

E setup time tesu 200 — — ns 

Output delay time _ tocar — — 300 ns 1 
M phase difference time tom — — 300 ns 





Note: 1. The following load circuit is connected for specification: 


test point ~~ 
Be 30 pF 


DL(DR) 


ViH 
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CL1 


DL 
DR 


SHL 
CL2 


Vit Vor Van Vat 1 Y2 


Liquid crystal display 
sl2}s]¢[s]6}7|8|  saererut [789 


fi 
| Latch circuit 2 
Hebe P| ee piri 
Latch circuit 1 
Leer 4 bit x 20 77178179180 









Y80 ViRVoRVsRV4r 


ml 


Control circuit 








Voc 
GND 


Vee 


CAR 


WeIsvIg 401g 
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Block Function 
Liquid Crystal Display Driver Circuit 


The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, V1, V2, V3, and V4 to be output. 


80-bit Latch Circuit 2 


The data from latch circuit 1 is latched at the fall of 
CLI and output to liquid crystal display driver 
circuit. 


S/P 


Serial/parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is low level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR. 


When SHL is high level, input data from terminal 
DR without connecting any lines to terminal DL. 


80-bit Latch Circuit 1 


The 4-bit data is latched at 61—#20 and output to 
latch circuit 2. When SHL is low level, the data 
from DL are latched in order of 12-3 ... 80 of 
each latch. When SHL is high level, they are 
latched in a reverse order (80-°79~78 ... 1). 


~ 


HD61200 


Selector 


The selector decodes output signals from the 
counter and generates latch clock 91 to 620. When 
the LSI is not active, 61-020 are not generated, so 
the data at latch circuit 1 is stored even if input data 
(DL, DR) changes. 


Control Circuit 


Controls operation: When E-F/F (enable F/F) 
indicates 1, S/P conversion is started by inputting 
low level to E. After 80-bit data has been all 
converted, CAR output turns into low level and E- 
F/F is reset to 0, and consequently the conversion 
stops. E—F/F is RS flip-flop circuit which gives 
priority to SET over RESET and is set at high 
level of CL1. 


The counter consists of 7 bits, and the output 
signals upper 5 bits are transferred to the selector. 
CAR signal turns into high level at the rise of 
CL1. The number of bits that can be S/P-converted 
can be increased by connecting CAR terminal with 
E terminal of the next HD61200. 
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Terminal Functions Description 


Terminal Number of 


Voc 
GND 
VEE 


Vit-Va 
Vin-Var 


Y1-Y80 


CL1 


Cl2 


DL, DR 


SHL 


Terminals 


1 
1 
1 
8 


80 O 


Connected 
1/0 to 


Power 
supply 


Power 
supply 


LCD 


Controller | 


Controller 


Controller 


Controller 


Voc or GND 


Functions 
Voc — GND: Power supply for internal logic 
Voc — Veg: Power supply for LCD drive circuit 


Power supply for liquid crystal drive. 


Vit (Vir), Var (Var): Selection level 
Vai (V3r), Vat (Var): Non-selection level 


Power supplies connected with V4, and Vip (Vo. & Vor, 
V3. & Varn, Va_ & Varn) should have the same voltages. 


Liquid crystal driver outputs. 
Selects one of the 4 levels, V1, V2 V3, and V4. 


Relation among output level, M, and display data (D) is as 
follows: 


Output 
level 


vilys lve lv 


Switch signal to convert liquid crystal drive waveform into 
AC. 


Synchronous signal (a counter is reset at high level). 
Latch clock of display data (falling edge triggered). 


Synchronized with the fall of CL1, liquid crystal driver 
signals corresponding to the display data are output. 


Shift clock of display data (D). 
Falling edge triggered. 
Input of serial display data (D). 


Liquid Crystal Liquid Crystal 
(D) Driver Output Display 
1 (High level) Selection level On 


0 (Low level) Non-selection level Off 
Selects the shift direction of serial data. 


When the serial data (D) is input in order of D1— ... ~D80, 
the relations between the data (D) and output Y are as 





follows: 
SHL Y1. Y2 Y3 ne Y80 
Low D1 ~ p2 D3 ee D80 
High - D80 — D79 D78 eae D1 : 
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Terminal Functions Description (cont) 








Terminal Number of Connected | 
Name Terminals 1/0 to Functions 
SHL 1 I Vcc orGND When SHL is low, data is input from the DL terminal. No 
(cont) lines should be connected to the DR terminal. 
When SHL is high, the relation between DL and DR 
reverses. 
E 1 | GNDorthe Controls the S/P conversion. 
pot CAR the operation stops on high level, and the S/P conversion 
HD61200 starts on low level. 
CAR 1 O _Input terminal Used for cascade connection with the HD61200 to 
E of the increase the number of bits that can be S/P converted. 
HD61200 
FCS 1 l GND Input terminal for test. 


Connect to GND. 





Operation of the HD61200 


The following describes an LCD panel with 64 x 240 dots on which characters are displayed with 1/64 duty 
cycle dynamic drive. Figure 1 is an example of liquid crystal display and connection to HD61200s. Figure 2 
is a time chart of HD61200 I/O signals. 
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HD61200 (No. 2) 
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Figure 1 LCD Driver with 64 x 240 Dots 
Cascade three HD61200s. Input data to the DL terminal of No. 1, No. 2, and No. 3. Connect E of No. 1 to 


GND. Don't connect any lines to CAR of No. 3. Connect common signal terminals (COM1—COM64) to 
X1—X64 of common driver HD61203. (m, n) of LCD panel is the address corresponding to each dot. 
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| CAR(No. 2) 


CAR(No. 3) 
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Timing chart for example of connection in figure 1. 


DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 














Timing 
chart 

for 
horizontal 
direction 


Timing 
chart 
for 
vertical 
direction 


Timing 
chart 
for 
liquid 
crystal 
display 
driver 
output 
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Figure 3 Example of 128 x 240 Dot Liquid Crystal Display (1/64 duty cycle) 


The liquid crystal panel is divided into upper and lower parts. These two parts are driven separately. 
HD61200s No. 1 to No. 3 drive the upper half. Serial data, which are input from the DATA (1) terminal, 
appear at Y; — Y>2 — -- Ygo terminal of No. 1, then at Y; ~ Y2 — -- Ygo of No. 2 and then at Y;~ Y2 > 
-- Ygo of No. 3 in the order in which they were input (in the case of SHL = low). HD61200s No. 4 to No. 
6 drive the lower half. Serial data, which are input from DATA (2) terminal, appear at Yg9 > Y79 ~ -- Y1 
of No. 4, then at Ygo ~ Y79 ~ -- Y; of No. 5 and then Ygo ~ Y79 — -- Y of No. 6 in the order in which — 
they were input (in the case of SHL = high). 


As shown in this example, a PC board for a display divided into upper and lower half can be easily designed 
by using the SHL terminal effectively. 
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(Controller with Built-in Character 


Generator) 


Display Controller and Character 
Generator for Dot Matrix Liquid 
Crystal Display System 


The HD43160AH receives character data 
written in ASCII code or JIS code from a 
microcomputer and stores them in its RAM 
which has 80 words capacity. 


The HD43160AH converts these data into a 
serial character pattern, then transfers them 
to LCD drivers. 


It also generates other control signals for the 
LCD. The HD44100H LCD driver can be com- 
bined with this controller. 


Display Characters Types 

@ Alphanumeric characters: A-Z, a-z, @, 
#, %, &, etc. 

@ Japanese characters (katakana) 


Ordering Information 


Type No. 
HD43160AH 


Package 
54-pin plastic QFP (FP-54) 


@ 160 characters in internal character gen- 
erator (ROM) 
(Max 256 characters in external ROM) 


Number Of Characters 


@ 4,8, 16, 24, 32, 40, 64, or 80 characters in 1 
or 2 lines 


Font 
@ 5 X 7 + Cursor or 5 X 11 + Cursor 


Other Function Controlled By 
Microcomputer 


e@ Display clear 

@ Cursor on/off 

@ Cursor position preset (character posi- 
tion) 

@ Cursor return 
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Block Diagram 


CNO DLN FNTS CURS ROMS 
CN1 


CN2 


Line counter 
Cursor counter 
Character number 
counter 


Instruction 
code register 


ROM 
Character 
generator 
(160 char- 
acters) 


RAM 
8 bit 
80 words 


DBO 
to 
DB6 
DB7 


P/S con- 
ST verter 
Internal 


oscillation 
circuit 


don 
® 
~ 
2 
o 
® 
pe 
® 
ne] 
ie) 
oO 


Character 


01-05 


Vcc — | External 1 
GND —= Busy ROM { 
| ! (max. 256 le 


RST —= Busy Flag ; charac- 
TEST-> __ ters) 





Absolute Maximum Ratings 


Symbol 


item Value Unit 

Supply voltage Vec ~-0.3 to +7.0 V 

Input voltage Vr —0.3 to Vcc + 0.3 V 

Operating temperature Topr —20 to +75 °C 

Storage temperature Tstg —55 to +125 °C 
HITACHI 
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Electrical Characteristics (Vcc = 5 V + 5%, GND = 0 V, Ta = —20 to+75C) 





Item Symbol Terminal No. min typ max Unit Test condition 
input volage Vin ee Ey , 2.0 _ Vec V 
ti —— —DB7, 
( compatible) Vi O = 0.8 V 
Input voltage V OSC1, TEST, RST, FNTS, 0.7 V, = V V 
—" ____ CURS, DLN, ROMS, = = 
Vite CNO—CN2,0;—O5 0 - 0.3 Vec V 
Output voltage Vou 2.4 = = V loy = —0.205 mA 
(TTL compatible) ——— DB7 
VoL = = 0.4 V lo. = 1.6 mA 
Output voltage. VouHc FLM, M, D, CL1, CL2, Vec—-1.0 — = V load = £0.4 mA 
Voic X0O—X7, YO—Y3 - - 1.0 V 
Input leak current in All inputs -5 - 5 uA 
Output leak current = Ito DB7 —10 = 10 uA 
Oscillation for 130 (192 250 kHz Ry = 200k0 +2%,5 
x 7 + Cursor 
frequency ———- a Sa ee 
fcp2 200 288 375 kHz Re = 130k0 +2%, 5 
| x 11 + Cursor 
Input pull up current = Ip, CSO—CS3, RSO, R/W, 2 10 20 HA Vin = OV 
DBO—DB7 
Power dissipation s : = — 10 mW Ta = 25°C, fcop = 
my 400 kHz ei 


(external clock) 


* Input/output current is excluded. When an input is at the intermediate level in CMOS, excessive 
current flows through the input circuit to the power supply. To avoid this, input level must be fixed 
at high or low, CSO—CS3, RSO, R/W, DBO—DB7. 


Pin Arrangement 


Pin Power sup. Pin Power sup. Pin Power sup. 

No. OSC Input Output No. OSC input Output No. OSC Input Output 
1 GND (-) 19 | D 37 DB3 

2 X4 20 FIM 38 DB4 

3 X3 21 pA 39 DB5 

4 X2 22 OSC1 40 DB6 | 

5 | X1 23 OSC2 41 DB7 DB7 
6 xO 24 RST 42 ROMS 

7 N.C. 25 TEST 43 O5 

8 N.C. 26 E 44 04 

9 N.C. 27 = Vec(+) 45 03 

10 CURS 28 R/W 46 O02 

11 FNTS 29 RSO 47 01 

12 DLN 30 CSO 48 Y3 
13 CNO 31 CS1 49 Y2 
14 CN1 32 CS2 50 Y1 
15 | CN2 33 CS3 51 YO 
16 CL2. 34 DBO 62 x7 
17 CL1 35 DB1 53 = X6 


18 M 36 DB2 54 X5 
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Pin Function 


Pin 
name 
Vec 
GND 


CNO 
CN1 
CN2 


CURS 


DLN 


FNTS 


RST 
TEST 


R/wW 


CSO 
CS1 
CS2 
CS3 


RSO 


DBO 
to 
DB7 


CL2 
CL1 


202 


Number of 
terminals 


2 


3 


Connected to 


Power supply 


GND or Vcc 


GND or Vcc 
GND or Vcc 
GND or Vcc 


Vec 
GND 
MPU 


MPU 


MPU 


MPU 


MPU 


HD44100H 
HD44100H 
HD44100H 


1/0 


1/0 
(DB7) 


O 
O 


Function 
+5 V + 10% Power supply 
OV 


Total ies character number select 


| 4 | 8 | 16 | 24 | 32 | 40 | 64 
eof ano vex fao anwar 
[CN1 |GND|GND] Vec | Vec |@NDIGND| Vee | Vee 
[cn2|GND|GND|aND[GND] Vec | Vee | Vee | Vec | 


Cursor select 

Vec: 5S dots ©eee@e 
GND: 1 dot e 
Display line number select 
Vec: 2 lines 

GND: 1 line 

Font select 

Vec: 5 X 11 + Cursor 
GND: 5 x 7 + Cursor 


Only for test. Normally Vcc. 
Only for test. Normally GND. 


Strobe signal 

Write mode: The HD43160AH latches the data on DBO- 
DB7 at the falling edge of this signal 

Read mode: Busy/Ready signal is active on DB7 while this 
signal is high 

(Low: Ready, High: Busy) 

Read/Write signal 

L: HD43160AH gets the data from MPU 

H: MPU gets the Busy/Ready signal from HD43160AH 


Chip select | 
When all of CSO—CS3 are ‘H’, HD43160AH is selected. 







Register select 

HD43160AH has 2 registers. One is for character code and 
another is for instruction code. Each register latches the data 
on DBO—DB7 at the falling edge of E, when CSO—CS3 are 
high and R/W is low. - 

High: Character code register is selected 

Low: Instruction code register is selected 

Data bus 

Inputs for character code and instruction aods from MPU 
Output for Busy/Ready flag (DB7) 


Serial dot data of characters for LCD drivers 
Dot data shift signal for LCD drivers 
Dot data latch signal for LCD drivers 
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Pin Number of 
name terminals Connected to 1/0 Function 





M 1 HD44100H O Alternate signal for LCD drivers 
FLM 1 HD44100H O Signal for common plates scanning 
XO 8 ROM O Character code outputs for external character generator (for 
to ext ROM) 
X7 X7: MSB ; ce, 
XO: LSB ex: character ‘A 
MsB| “4'= High 
| 0 [1 fojofofofo} 1} = tow 
YO 4 ROM O Character row code for external character generator 
Y1 
Y2 5 x 7 + Cursor 5 X 11 + Cursor 
Y3 Y3 Y2 Yi Yo 
0 0 
0 0 
01 
001 
01 0 
01 0 
0 11 
Oo 1ii1 
100 
1 
Eee 18 | 
101 
dA 1 ROM O Clock signal for external character generator (dynamic ROM 
. etc.) if necessary 
01 5 ROM | _ Dot data inputs from external character generator 
to 1 (High): On 
O05 O (Low): Off 
ROMS 1 GND or Vcc I Select internal or external ROM 
High: External ROM 
Low: Internal ROM 
OSC1 2 (1) Oscillator 5 x 7 + Cursor: Re = 200 kO (typ) 
OSC2 (0) 5 xX 11 + Cursor: Rr = 130 ko (typ) 
NC 3 Don’t connect any signal to these terminals 
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Character Dot Patterns 


5 xX 7 Only the English small character “g, j, p, q, y,” 
are displayed as below. The others are the 
The bottom lines of the English small charac- same as for 5 X 7 (Figure 2). 
ters “g, i, p, q, y,” are on the cursor line (Figure | 
1). Cursor 5 dots: eeeee 
ldot : @ 
5 X< 11 


The cursor is displayed on the 8th or 12th line. 


pat ae lower 4 bits (hexadecimal) 


“Tmpisrce ch 
ai2s4sers 
JIABCDEFGHI 
PORSTUUWNYZES 
Mabe de rani iikining 
pons rele 


x) 
\£ 
Oo 
® 
me) 
0 
P4 
® 
= 
” 
= 
Q 
vt 
dae 
® 
Q. 
Q. 
_ 
® 
TC 
n° 
Oo 
fees - 
® 
- 
i?) 
Ne 
oO 
x on 
© 


qy 





Figure 2 Special 5 xX 11 Characters 
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Application 
Setting Up These terminals should be connected to Vcc 
or GND according to the LCD display system. 
1. Total character number: CNO—CN2 RST and TEST should be connected to Vcc 
2. Cursor pattern: CURS and GND respectively. 
3. Display line number: DLN 
4. Font: FNTS 
Interface to the Controller 
1. Example 1 Interface to HD6800 
In this example (Figure 3), the addresses of 
HD43160AH in the address area of the 
HD6800 microcomputer are: 
Instruction code register iil eae ee (R/W=0) 
Character code register Eee (R/W=0) 
Busy flag #E***' or #F***' (R/W=1) 


*: don't care 
#”: hexadecimal 


HD 6800 (MPU) HD 43160 AH 





Figure 3 HD6800 Interface 
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2. Example of display program 


Read Busy flag 
from # Ett ’ 
or ¢ eee ’ 


_ Check Busy or Ready 


Instruction Charact. Character 
or Inst. 


RSO = High 


Write Inst. code Write Charact. code 
to # "Et et to # ieee? 





Figure 4 Display Program Example 
3. Time length of Busy 


write Inst. or Charact. code 


7 a7 


Busy Thusy 
(Internal) 
Operation start operation end 


Display clear 400 


Figure 5 Busy timing 





HD43160AH begins the operation from the register latch the data on DBO—DB7 at the 
rising edge of E (Figure 5). falling edge of E. 
Instruction code register and character code 
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4. Timing chart 


Write sequence Read sequence 
(MPU—HD43160AH) (MPU<-HD43160AH) 


tcyc : | 


| tcyc 


| Pwer ' Pwen | Pwer —; Pwen | 
| 
| | 


tas tppw! 
1 


nee ae 9 


| 
| 
| | | 
Write 
| 
| 





Figure 6 HD6800 Interface Timing 


5. Timing characteristics 


item Symbol Min Typ Max Unit 
Cycle time of E | teyc 1.0 = — ws 
Pulse width of E | High level Pwen 0.45 a 25 “Ss 
Low level Pwet 0.45 = = “us 
Set up time of CS Write tas 140 = = ns 
Data delay time Write topw = = 225 ns 
~ Read topr = ca 300 ns 


Hold time ty ; _10 fm = ns 
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6. Example 2 Interface to 8085A (Intel) 


R/W 
CS3 


E 


CS2 
CS1 
cso 
RSO 


HD43160AH 





7. Timing chart 





' Figure 8 8085A Timing 


Pulse widths of RD and WR signals of the min (Figure 8). _ 
8085A are 400 ns min, while the pulse width Therefore, in this example, RD and WR signal 
of the E signal of the HD43160AH is 450 ns pulse widths are widened by the Twarr cycle. 
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Display Commands 
Display Control Instructions 
These instructions should be written into the 
instruction register of HD43160AH by the 
microcomputer. (RSO = Low, R/W = Low) 
1. Display clear 
MSB LSB 
cues [a]o]o]olololo|+ 


Operation: The screen is cleared and the 
cursor returns to the 1st digit. 


2. Cursor return 
MSB LSB 


snag oo a od EE 


Operation: The cursor returns to the ist 
digit and the characters being 
displayed do not change. 


3. Cursor on/ off 


Off) 





Operation: The cursor appears (on) or dis- 
appears (off). 


4. Set cursor position 





HD43160AH 


Operation: The cursor moves to the Nth 
(nth, mth) digit. 
N Ss the total character number 
n, m S 1/2 total character 
number 
ex 1: 1 line 
Set the cursor at digit 55. The 
code is 10110110. 
ex 2: 2 lines 
Set the cursor at digit 35 of 
upper or lower line. 
The code is 10100010 (upper). 
11100010 (lower). 


Display Character Command 


When the character code is written into the 
character register of HD43160AH, the char- 
acter with thiscode appears where the cursor 
wasdisplayed and the cursor moves to the 
next digit. (RSO = High, R/W = Low) 


MSB L 


code: (Character code) 


ex. 1 


before | ABCD _ 
after ABCDE _ 


i 
LJ 


Read Busy Flag 


When CSO—CS3 = High, R/W = High and E 
= High (RSO = ‘don’t care’), the Busy/Ready 
signal appears on DB’7. 

DB 7 High: Busy 





MSB LSB Low: Ready 
Code: 

N, n, m: digit number 

Table 1 Time Length of Busy (oscilla- 

tion frequency = 200 kHz) 
| Min Max _— Unit 
Display clear 2.0 2.05 ms 
Other operations 50 100 “us 


(depends on the operating frequency) 
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Interface to External ROM 


1. Example 


Character 


Address 
code 


HD43160A " X6 External ROMS 
ROM 1: Ext. 


O: Int. 


*¢A is used as the 
precharge signal for 
dynamic ROM if nec- 
essary. 





Figure 9 Interface to External ROM 


2. Row code 


Row code 


0102030405 Y3 Y2 


= 
< 
S 


Row code 


0102030405 yY3 Y2 Y1 YO 


=----o0q0000000 
oooon 43+. 0000 
-==-o002-00;+00 
Bets ese ee eae 


0 
0 
0 
0 
0 
- O 
0 
0 


= = = -= O O OO O 
- OoO-"90+0=- 0 


(Cursor) 


5 x 7+ Cursor 5 x 11+ Cursor 





Figure 10 Row Code 
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3. Timing chart 





Effective data - 





Figure 11 Display Timing 
Interface to LCD Drivers 


1. Example 


Common 
signals Liquid crystal display 


Segment signals 


Y21-Y40 Y1-—Y20 Y1-Y40 
Vi-V6 V1-V6 
FCS FCS 
SHL1 SHL1 
SHL2 HD44100H SHL2 HD44100H 
DL1 DL1 
DL2 DR1 
DR2 cCL1 CL2 M DL2 CL1 


sce a 


pH 
HD43160AH anes 


| Se ane 
M 





Figure 12 Interface to HD44100H 
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2. Waveforms (5 X 7 + Cursor 1 line) 


| Ee ERR ER ER ES ee ED CS ce 


One row of a character 


One row of 80 characters (400 dots) 





Figure 13 Timing 
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Dot Matrix Liquid Crystal Display 
System 


GND OVQ; 


Vec 5VO 5 
Vs 


Vee — ae 





Figure 14 Typical Application 5 x 7 + Cursor, 2 Lines, 40 Characters 


HITACHI 213 


HD44780U (LCD-II)— 
(Dot Matrix Liquid Crystal Display 


Controller/Driver) 


Description 


The HD44780U dot-matrix liquid crystal display 
controller and driver LSI displays alphanumerics, 
Japanese kana characters, and symbols. It can be 
configured to drive a dot-matrix liquid crystal 


display under the control of a 4- or 8-bit 


microprocessor. Since all the functions such as 
display RAM, character generator, and liquid 
crystal driver, required for driving a dot-matrix 
liquid crystal display are internally provided on 
one chip, a minimal system can be interfaced with 
this controller/driver. 


A single HD44780U can display up to . one 
8-character line or two 8-character lines. 


The HD44780U has pin function compatibility 
with the HD44780S which allows the user to 
easily replace an LCD-II with an HD44780U. The 
HD44780U character generator ROM is extended 
to generate 208 5 x 8 dot character fonts and 32 
5 x 10 dot character fonts for a total of 240 
different character fonts. _ 


The low power supply (2.7 V to 5.5 V) of the 
HD44780U is suitable for any portable battery- 
driven product requiring low power dissipation. 


Features 


¢ 5x8 and 5 x 10 dot matrix possible 

¢ Low power operation support: 
— 2.7to5.5V 

e Wide range of liquid crystal display driver 
power 
— 3.0toll V 

e Liquid crystal drive waveform 
— A (One line frequency AC waveform) 

¢ Correspond to high speed MPU bus interface 
= 2 MHz (when Vcc =5 V) 

¢ 4-bit or 8-bit MPU interface enabled 


¢ 80x 8-bit display RAM (80 characters max.) 

e 9,920-bit character generator ROM for a total 
of 240 character fonts 
— 208 character fonts (5 x 8 dot) 
— 32 character fonts (5 x 10 dot) 

¢ 64x 8-bit character generator RAM 
-—— 8 character fonts (5 x 8 dot) 
— 4 character fonts (5 x 10 dot) 

¢ 16-common x 40-segment liquid crystal 
display driver 

e Programmable duty cycles 
— 1/8 for one line of 5 x 8 dots with cursor 
— 1/11 for one line of 5 x 10 dots with cursor 
— 1/16 for two lines of 5 x 8 dots with cursor 


_¢ Wide range of instruction functions: 


— Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

¢ Pin function compatibility with HD44780S 

¢ Automatic reset circuit that initializes the 
controller/driver after power on 

¢ Internal oscillator with external resistors 

e Low power consumption 


Ordering Information 


Type No. Package CGROM 
HD44780UA00FS FP-80B. Japanese 
HCD44780UA00 Chip standard font 
HD44780UAO0TF* TFP-80 _ 
HD44780UA01FS*  FP-80B Standard font 
HD44780UA02FS*  FP-80B for communica- 
tion, European 
standard font 
HD44780UBxxFS FP-80B Custom font 
HCD44780UBxx Chip 
HD44780UBxxTF TFP-80 


Note: * Under development xx: ROM code No. 
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HD44780U Block Diagram 


OSC, OSC, 


Reset 


Circuit ss 
Timing 

Instruction 7 
‘ register (IR) 

| ; Display 
Instruction 

: data RAM 

RS —>| inter- (DD RAM) 


80 x 8 bits 


Address 7 
counter 8 40-bit 


7 latch 


circuit 
i 
al Data : 8 


register 
(DR) 


Character Character Greer 

generator generator and 
Saal eC ROR blink 

(CG RAM) ’ , 

64 bytes || 9,920 bits | [controller 


Parallel/serial converter 
and 
attribute circuit 
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HD44780U 


Common 
signal 
driver 


Segment 
signal 
driver 


LCD drive 
voltage 
selector 
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LCD-II Family Comparison 


item 

Power supply voltage 

Liquid crystal drive 1/4 bias 
voltage Vicp 1/5 bias 
Maximum display 

digits per chip 

Display duty cycle 

CGROM 


CGRAM 
DDRAM 
Segment signals 
Common signals 


Liquid crystal drive waveform 


Oscillator Clock source 
R; oscillation 
frequency (frame 
frequency) 
R; resistance 
Instructions 
CPU bus timing 
Package 
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HD44780S. 
5 V+10% 

3.0 to 11.0 V 
4.6 to 11.0 V 


16 digits 
(8 digits x 2 lines) 


1/8, 1/11, and 1/16 


7,200 bits 

(160 character fonts 
for 5 x 7 dot and 

32 character fonts 
for 5 x 10 dot) 


64 bytes 
80 bytes 
40 

16 

A 


External resistor, 
external ceramic 
filter, or external 
clock 


270 kHz +30% 

(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kQ+2% 


HD66780 
(LCD-II/A) 


5 V+10% 

3.0 V to Voc 

3.0 V to Voc 

16 digits 

(8 digits x 2 lines) 
1/8, 1/11, and 1/16 


12,000 bits 
(240 character fonts 
for 5 x 10 dot) 


64 bytes 
80 bytes 
40 

16 

B 


External resistor, 
external ceramic 
filter, or external 
clock 


270 kHz +30% 

(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


82 kQ+2% 


Fully compatible within the HD44780S 


1 MHz 2 MHz 
FP-80 FP-80B 
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HD44780U 
2.7 to 5.5 V 
3.0 to 11.0 V 
3.0 to 11.0 V 


16 digits 


(8 digits x 2 lines) 

1/8, 1/11, and 1/16 
9,920 bits 

(208 character fonts for 
5 x 8 dot and 


32 character fonts for 
5 x 10 dot) 


64 bytes 
80 bytes 
40 

16 

A 


External resistor or 
external clock 


270 kHz +30% 

(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kQ+2% 
(when Voc = § V) 
75 kQ 42% 
(when Voc = 3 V) 


1 MHz (when Voc = 3 V) 
2 MHz (when Vcc = 5 V) 


FP-80B 





HD44780U 


HD44780U Pin Arrangement 





FP-80B 


(top view) 
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HD44780U Pad Arrangement 


Chip size: 4.90 x 4.90 mm? 
Coordinate: Pad center (um) 
Origin: Chip center 
Padsize: 114x114 um? 


Type code 


AO OOOOOOOOOOOOOO0OD OG 


ha 
CO 
C 
O 
OQ) 
C 
OC) 
O 
C) 
C 
C) 
C) 
C) 
CO) 
CO 
C 
C) 
O 
O 
O 
CO 


Oooogococoooddboooooooo0Eg 
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HCD44780U Pad Location Coordinates 


Pad No. 


OLOIni oO; aye! @d;rm] — 


Alwlaloalalwlwlwlwlwloalmlrmlrmlrmlrmlrmolwolfmlwlrmo] a . | 
SILOLDINIDIAIKR/@®2/Ml=/SlGlLOIN/Sl/AlLaALOINI=/dSloloalalalalalalmwl=—=lo 


Function 
SEG 
SEGo, 
SEG2 
SEGi9 
SEGi, 
SEGi7 
SEGi6 
SEGi5 


SEG i, 


SEG, 
SEG,o 
SEG,, 
SEG,o 
SEG, 
SEG, 


“SEG, 


SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
SEG, 
GND 
Osc, 
OSC, 
Vi 

Va 

V3 

V4 

V5 
CL, 
CL 


Voc 


DB, 


Coordinate 
X (um) Y (um) 
—2100 2313 
--2280 2313 
—2313 2089 
—2313 1833 
-—2313 1617 
—2313 1401 
-—2313 1186 
—2313 970 
—2313 755 
—2313 539 
-2313 323 
—2313 108 
—-2313 —108 
-—2313 —323 
—2313 —539 
~—2313 ~—755 
—2313 -970 
— 2313 © ~—1186 
—2313 —1401 
—2313 —1617 
—2313 —1833 
—2313 -2073 
~—2280 ~—2290 
—2080 —2290 
—1749 —2290 
~—1550 —2290 
—1268 —2290 
-941 —2290 
-623 —2290 
-304 —2290 
—48 —2290 
- 142 —2290 
309 —2290 
475 —2290 
665 —2290 
832 ~2290 
1022 —2290 
1204 —2290 
1454 —2290 
1684 —2290 


Pad No. 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 © 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
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Function 
DB2 
DB, 
DB, 
DBs 
DBs 
DB, 
COM, 
COM. 
COM, 
COM, 
COM, 
COM, 
COM, 
COMs 
COM, 
COMi9 
COM, 
COM,2 
COM3 
COM 44 
COMis5 
COMi6 
SEG4p 
SEGao 
SEGag 
SEG,7 
SEGg,5 
SEG35 
SEGa, 
SEGs,_ 
SEG 32 
SEGs; 
SEG 
SEGoo 
SEGog 
SEGo7 
SE Go, 
SEGos 


SEGo, 
SEGo, 


HD44780U 


Coordinate 
X (um) Y (um) 
2070 —2290 
2260 —2290 
2290 —2099 
2290 —1883 
2290 —1667 
2290 —1452 
2313 —1186 
2313 -970 
2313 —755 
2313 —§39 
2313 —323 
2313 ~—108 
2313 108 
2313 323 
2313 539 
2313 755 
2313 970 
2313 1186 
2313 1401 
2313 1617 
2313 1833 
2313 — 2095 
2296 2313 
2100 2313 
1617 2313 
1401 2313 
1186 2313 
970 2313 
755 2313 
539 2313 
323 2313 
108 2313 
—108 2313 
—323 2313 
~—539 2313 
—755 2313 
-970 2313 
—1186 2313 
—1401 2313 
-1617 2313 
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Pin Functions 


Signal 
RS 


E 
DB, to DB, 


DBo to DB, 


CL, 


CL, 
M 


D 


COM, to COMi6 


SEG, to SEG,o 
V; to Vs 


Voc, GND 
OSC,, OSC, 
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No. of 
Lines 


16 


40 


vo 


VO 


VO 


Device 
interfaced with 


MPU 


MPU 


MPU 
MPU 


MPU 


HD44100 


HD44100 


HD44100 
HD44100 


LCD 


LCD 
Power supply 


Power supply 


Oscillation 
resistor 
clock 


HITACHI 


Function 


Selects registers. 
0: Instruction register (for write) 

Busy flag: address counter (for read) 
1: Data register (for write and read) 


Selects read or write. 
0: Write 
1: Read 
Starts data read/write 


Four high order bidirectional tristate data bus 
pins. Used for data transfer and receive 
between the MPU and the HD44780U. 

DB; can be used as a busy flag. 


Four low order bidirectional tristate data bus 
pins. Used for data transfer and receive 
between the MPU and the HD44780U. These 
pins are not used during 4-bit operation. 


Clock to latch serial data D sent to the 
HD44100 driver 


Clock to shift serial data D 


Switch signal for converting the liquid crystal 
drive waveform to AC 


Character pattern data corresponding to each 
segment signal 


_ Common signals that are not used are 


changed to non-selection waveforms. COMg 
to COM ¢ are non-selection waveforms at 1/8 


duty factor and COM,» to COM. are non- 


selection waveforms at 1/11 duty factor. 
Segment signals 


Power supply for LCD drive 

Voc -Vs =11V (max) 

Voc: 2.7 V to 5.5 V, GND: 0 V 

When crystal oscillation is performed, a 
resistor must be connected externally. When 


the pin input is an external clock, it must be 
input to OSC,. 





Function Description 
Registers 


The HD44780U has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
written from the MPU. 


The DR temporarily stores data to be written into 
DD RAM or CG RAM and temporarily stores data 
to be read from DD RAM or CG RAM. Data 
written into the DR from the MPU is automatically 
written into DD RAM or CG RAM by an internal 
operation. The DR is also used for data storage 
when reading data from DD RAM or CG RAM. 
When address information is written into the IR, 
data is read and then stored into the DR from DD 
RAM or CG RAM by an internal operation. Data 
transfer between the MPU is then completed when 
the MPU reads the DR. After the read, data in DD 
RAM or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 
register selector (RS) signal, these two registers 
can be selected (table 1). 


Table 1 Register Selection 


HD44780U 


Busy Flag (BF) 
When the busy flag is 1, the HD44780U is in the 


internal operation mode, and the next instruction 


will not be accepted. When RS = 0 and R/W = 1 
(table 1), the busy flag is output to DB7. The next 
instruction must be written after ensuring that the 
busy flag is 0. 


Address Counter (AC) 


The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 


After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents are then 
output to DBp to DBg when RS = 0 and R/W = 1 
(table 1). 


RS RW Operation 

0 0 IR write as an internal operation (display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DBp to DBs) 

1 0 DR write as an internal operation (DR to DD RAM or CG RAM) 
1 1 DR read as an internal operation (DD RAM or CG RAM to DR) 
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Display Data RAM (DD RAM) 


Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its extended 
capacity is 80 x 8 bits, or 80 characters. The area 
in display data RAM (DD RAM) that is not used 
for display can be used as general data RAM. See 
figure 1 for the relationships between DD RAM 


addresses and positions on the liquid crystal — 


display. 


The DD RAM address (App) is set in the address 
counter (AC) as hexadecimal. 


¢ 1-line display (N = 0) (figure 2) 


— Case 1: When there are fewer than 80 
display characters, the display begins at the 
head position. For example, if using only 
the HD44780, 8 characters are displayed. 
See figure 3. | 


When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 3. 


High order Low order 


+ — bits —e|~—— bits ——>| __ 


(hexadecimal 


— Case 2: For a 16-character display, the 


HD44780 can be extended using one 
HD44100 and displayed. See figure 4. 


When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 4. 


Case 3: The relationship between the 
display position and DD RAM address 
when the number of display digits is 


* increased through the use of two or more 


HD44100s can be considered as an 
extension of case #2. 


Since the increase can be eight digits per 
additional HD44100, up to 80 digits can be 
displayed by externally connecting nine 
HD44100s. See figure 5. 


Example: DD RAM address 4E 





Figure 1 DD RAM Address 


Display position 
(digit) 1 


DD RAM 
~ address 
(hexadecimal) 


79 80 


2 3 4 § 
[00] ot Jz os joa fess ssssesvseises ae] ar 





Figure 2 1-Line Display 
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Display 
position 1 2 3 4 5 6 7 8 


DD RAM |00|01 |o2/ 03] 04 05 |o6 |07| 
address 


For 
Eni let {01 |02 [03 | 04] 05] 06] 07] 08 
For 
Ent right [4 |0[ 01] 02/03 }o4 os | 06 





Figure 3 1-Line by 8-Character Display Example 





Display 
position 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 


DD RAM joo 1[02)0s{4/05)0o7{o8)os}oaoeocc}oe oF 
address 


HD44780 display HD44100 display 


For lok = 

shit on 1]24o5}o4oe)ofo7oe 0) oospconoejor 10 
For : 

ct ign 0fofoqsfo)s}o7 poe paoepcpope 





Figure 4 1-Line by 16-Character Display Example 


Display 
position 1 2 3 4 5 6 7 & 9 1011 1213 14 15 1617 18 19 20 73 74 75 76 77 78 7980 


DD RAM 
address 


HD44780 display 1st HD44100 2nd to 8th HD44100 9th HD44100 
display display display 





Figure 5 1-Line by 80-Character Display Example 
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¢ 2-line display (N = 1) (figure 6) 


224 


Case 1: When the number of display 
characters is less than 40 x 2 lines, the two 
lines are displayed from the head. Note 
that the first line end address and the 
second line start address are not 


Display 
position 


consecutive. For example, when just the 
HD44780 is used, 8 characters x 2 lines are 
displayed. See figure 7. 


When display shift operation is performed, 
the DD RAM address shifts. See figure 7. 


1 2 3 4 = § 39 40 
ppram | 00 [01 |o2 | 03] o4 J --s-sssvss-ss+ | 26] 27 
(hexadecimal | 4041 | 42 | 43 4 | 
(hexadecimal) 42 67 





Figure 6 2-Line Display 


Display 
position 1 2 


3.464 ‘5 6 7 8 
02 03 04] 05 [08 |o7| 


address 
oles |e 


For __|01/02|03]04|05]06|07| 08 
shift left 
4] 43 | 44| 45 47 


For [27|00] 01 02| 03] 04 [os | 
shift right 
6740] 41] 4243 | 44] 45 |46 





Figure 7 2-Line by 8-Character Display Example 
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— Case 2: For a 16-character x 2-line display, when the number of display digits is 
the HD44780 can be extended using one increased by using one HD44780U and 
HD44100. See figure 8. two or more HD44100s, can be considered 


as an extension of case #2. See figure 9. 
When display shift operation is performed, 


the DD RAM address shifts. See figure 8. Since the increase can be 8 digits x 2 lines 

for each additional HD44100, up to 

— Case 3: The relationship between the 40 digits x 2 lines can be displayed by 
display position and DD RAM address externally connecting four HD44 100s. 


Display 
position 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 


DD RAM 
address 


HD44780U display HD44100 display 


shift left 


shift right 





Figure 8 2-Line by 16-Character Display Example 


Display 
position 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 33 34 35 36 37 38 39 40 


DD RAM [P| e2oxonlofofofelofoqoscoofoqor|o} fea] wif palaledesar 


an ccc cc fr cs lk 


HD44780U display ist HD44100 2nd and 3rd HD44100 4th HD44100 
display display display 





Figure 9 2-Line by 40-Character Display Example 
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Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 8 dot: 


or 5 X 10 dot character patterns from 8-bit 
character codes (table 4). It can generate 
208 5 x 8 dot character patterns and 32 5 x 10 dot 
character patterns. User-defined character patterns 
are also available by mask-programmed ROM. 


Character Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. For 5 x 8 
dots, eight character patterns can be written, and 
for 5 x 10 dots, four character patterns can be 
written. | 


Write into DD RAM the character codes at the 
addresses shown as the left column of table 4 to 
show the character patterns stored in CG RAM. 


See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 


Areas that are not used for display can be used as 
general data RAM. 
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Modifying Character Patterns 
¢ Character pattern development procedure 


The following operations correspond to the 
numbers listed in figure 10: 


1. Determine the correspondence between | 
character codes and character patterns. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program the character patterns into the 
EPROM. 


4, Send the EPROM to Hitachi. 


5. Computer processing on the EPROM is 
performed at Hitachi to create a character | 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
‘When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 
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Hitachi User 


Start 














Determine 
character patterns 


Computer 


processing 


Create character © 
pattern listing 









Create EPROM 


address data listing 





peubcaeied Write EPROM 
patterns 








e © ® °@ 


EPROM - Hitachi 





Yes 


o 
vss | 
LT 
[sn 
6 

0 


< 0K? > N 
| Yes 


Mass 
production 


Note: For a description of the numbers used in this figure, refer to the preceding page. 


Figure 10 Character Pattern Development Procedure 
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© Programming character patterns — Character patterns 
This section explains the correspondence EPROM address data and character pattern 
between addresses and data used to program data correspond with each other to form a 
character patterns in EPROM. The 5 x 8 or 5 x 10 dot character pattern 
HD44780U character generator ROM can (tables 2 and 3). 


generate 208 5 x 8 dot character patterns and 
32 5.x 10 dot character patterns for a total of 
240 different character patterns. 


Table 2 Example of Correspondence between EPROM Address Data and Character Pattern 
- (5x8 dots) 


| LSB 
Ay1A10 Ag Ag Az Ag Ag Ag Ag Az Ay Ag] Og O3 O2 O; Oo 









Oo 
© 





Oo 














~<«——— Cursor position 


Oo 
Oo 
© 


S02 OoO0Co OO oO ClO 
oO 


=_ lt tO h—C—)OOCUlO 
_-_ “~ 2020 Oo + = OC 
_~ oO --m- O-- oO = 











ee ce Se Oe Oe Ne OS OS DO ON ON ED Oe OY OO Uae Se OD LP Ooh OY ED OO OW ts mY OD OP Sl OD Cem Me ce OO Se Site Sm wD in MD te AED CY Oe Ht ee AH Oe CD ED Sn Mi MP AD OD OS I SO SE RO OTN > HE GD OD One OD Mee ms Ow ome 
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Poo OoOCUCrMUrmlUCOCUCUCUNOCO 
Coo aooOCUClCoMUrmlUCUOUlO 
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Character code Line 
position 


. EPROM addresses A,, to Ag correspond to a character code. 

EPROM addresses Ag to Ap specify a line position of the character pattern. 

. EPROM data O, to Op correspond to character pattern data. 

. EPROM data Os to O7 must be specified as 0. 

. Alit display position (black) corresponds to a 1. 

. Line 9 and the following lines must be blanked with Os for a 5 x 8 dot character fonts. 


Notes: 
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—- Handling unused character patterns 1. When unused character patterns are not 
programmed: If an unused character code 
1. EPROM data outside the character pattern is written into DD RAM, all its dots are lit. 
area: Always input Os. | By not programing a character pattern, all 
; of its bits become lit. (This is due to the 
2, EPROM data in CG RAM area: Always EPROM being filled with 1s after it is 
input Os. (Input Os to EPROM addresses 00H erased.) | 
to FFH.) , ) 
. ii, When unused character patterns are 
3. EPROM data used when the user does not programmed as 0s: Nothing is displayed 
use any HD44780U character pattern: even if unused character codes are written 
According to the user application, handled in into DD RAM. (This is equivalent to a 
one of the two ways listed as follows. space.) 





Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 10 dots) 


LSB 
Ai1A10 Ag Ags A7 Ag Ag A, A3 A> A; Ao O, O03 Oo 0; Oo 





000 0 

0 0 0 1 

001 0 

001 1 

01 0 0 

010 1 {| 

011 0/07 

0 1114/0 0 0 0 

1000/0 00 0 

100 1;/0 0 0 0 

1.0 1010 0 0 0 ~<«———. Cursor position 

1011/0 0 0 0 

11 00+;0 0 0 0 

110314410 0 0 0 

1131030 0 0 0 

1 1 1 47410 0 0 0 
Character code Line 

position 


EPROM addresses A,, to Ag correspond to a character code. 

EPROM addresses Az to Ap specify a line position of the character pattern. 

EPROM data O, to Op correspond to character pattern data. 

EPROM data Os to O7 must be specified as 0. 

A lit display position (black) corresponds to a 1. 

Line 11 and the following lines must be blanked with Os for a 5 x 10 dot character fonts. 


Notes: 


2 a 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A00) 


[0010 | 0011 | 0100 |o101 | o110 | 0111 1000] 1001] 1010] 1014 | 1100] 1101 | a¥10] 1914 


ea) EY | | He pele 


LIA ee] | fo | Sy 


"ERB | 42 
Facies] | (a rlelsle 


SDT eat | |. TRF le 
SEMe mul | Aldo 
RF UF. | Snail 
PTFiEMsiul | lFe Slain 
STW Tals 
=] | |r Lj 
FZ) | [tne iF 
HE IRIL KA) | ACEO | 


eIRILFL | paola 
SIS inlA | lalate |= 
PUD ia Ca ea = 


Be) Mae El 
s | aren 
Eells) | 
Note: The user can specify any pattern for character-generator RAM. 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A01) 


FPP She oS BOP SS 

Eas S| =f aI [Felice cel a ee Lt 
2] med] tM LL ty Se ae [fo | 
PE) Cy Py |S fae med se ed ee | go 
PB) NITY re AA |e | ad) el 
eB) UE gi |} ay ag) ry] OY) | OY) tg] | ml] EY 
PB Mad | Rd [eed ey fe fag ey STH EY pf ad | [pe Sed 
PB Mor (2 PM a 0 Pe pee Jeg | fe Sf ord ed po 
ey OL] OY) Sf wr nat] Sa) Sy) Sa TM t= ed tl 
ERE ES UE ic EE =I Ee 
CHa EE ES Ee ee Et im allt 


= i = S 
oO © © od 
= | ¥ | e | & 
B | 8 g | § 


XXXxX1101 
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Table 4 Correspondence between Character Codes and Character Patterns (ROM code: A02) 


Efe (af th [0d Pg fey A | he fe fh A | fh TY fe [oT 
EY AT ee oy FT| ASA] eg Pe PA | A Peed et oe | tt 
EY eA Og | ee Pp Sn Et | 
PS ee Pt a Pd a et etd 


Bt [te a eh SL | 
SERIE IERIE IIIB IE 
Bac Fe 4 | a fd | EE fe 
BRIBE IE EE EI | 


Be Lf AI] | ea aD | Ia fort et ea] S| | 
Se eS Si ae 
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Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) 


For 5 x 8 dot character patterns 


Character Codes Character Patterns 
(DD RAM data) . CG RAM Address Ee (CG RAM data) 


76543210 76543210 
High Low 

0 

0 

1 

{ Character 
0000*000 5 pattern (1) 

0 

1 

1 Cursor position 

0 

0 

| 

1 Character 
0000* 00 1 0 pattern (2) 

0 

1 

1 Cursor position 

a 
0 





Notes: 1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types). 

2. CG RAM address bits 0 to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0 to 4 (bit 4 being at the left ). 

4. As shown table 5, CG RAM character patterns are selected when character code bits 4 to 7 
are allO. However, since character code bit 3 has no effect, the R display example above 

can be selected by either character code OOH or O8H. | 
5. 1 for CG RAM data corresponds to display selection and 0 to non-selection. 
* Indicates no effect. 
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Table 5 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) (cont) 


For 5 x 10 dot character patterns 


Character Codes Character Patterns 
(DD RAM data) Pa conan nor tess a (CG RAM data) 


7654932 1~=0 § 43210 76543 210 
High High Low 

Character 
0000%* 00 * pattern 


-_-~9O0-+ - 00" —+~ 0 O 
o- 0-02 02 0+ 0 


0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 


Cursor position 


i 


* 


ee 





Notes: 1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 

2. CG RAM address bits 0 to 3 designate the character pattern line position. The 11th line is 
the cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display. 
If the 11th line data is “1”, “1” bits will light up the 11th line regardless of the cursor presence. 
Since lines 12 to 16 are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 8 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0. 
However, since character code bits 0 and 3 have no effect, the P display example above 
can be selected by character codes OOH, 01H, 08H, and OSH. 

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection. 

* Indicates no effect. 


234 HITACHI 


Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing for display and internal operation timing by 
MPU access are generated separately to avoid 
interfering with each other. Therefore, when 
writing data to DD RAM, for example, there will 
be no undesirable interferences, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals for the operation of 
the externally connected HD44100 driver. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
16 common signal drivers and 40 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 


The segment signal driver has essentially the same 
configuration as the HD44100 driver. Character 
pattern data is sent serially through a 40-bit shift 
register and latched when all needed data has 


HD44780U 


arrived. The latched data then enables the driver 
to generate drive waveform outputs. The serial 
data can be sent to externally cascaded HD44100s 
used for displaying extended digit numbers. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD44780U drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44100. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or character blinking. The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 


For example (figure 11), when the address counter 
is 08H, the cursor position is displayed at DD 
RAM address 08H. 


AC6 ACS AC4 AC3 AC2 AC1 ACO 


vot a CES SEED 


For a 1-line display 
Display position 


DD RAM address 
(hexadecimal) 


For a 2-line display 
Display position 


DD RAM address 
(hexadecimal) 


cursor position 


1 2 3 4 5 6 7 8 9 
00 | ot | oe | 0s | o+ | os | 06 | o7 | 8 | 08 


RII CIR Ed 


cursor position 








Note: * The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM). However, the cursor and blinking become meaningless. 
The cursor or blinking is displayed in the meaningless position when the AC is a CG RAM address. 





Figure 11 Cursor/Blink Display Example 


HITACHI | 235 





HD44780U 


Interfacing to the MPU . 


The HD44780U can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


¢ For 4-bit interface data, only four bus lines 
(DB, to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. The data transfer 
between the HD44780U and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB, to DB7) are transferred before 
the four low order bits (for 8-bit operation, 
DBog to DB3). 


The busy flag must be checked (one 
instruction) after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 


¢ For 8-bit interface data, all eight bus lines 
(DBo to DB7) are used. 


Instruction register (IR) | 
write address counter (AC) 
read 





Busy flag (BF) and 


Reset Function 
Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD44780U when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 10 ms after Vcc rises to 
4.5 V. 


Display clear 
2. Function set: 
DL = 1; 8-bit interface data 
N = 0; 1-line display 
F=0; 5 x 8 dot character font 


3. Display on/off control: 
D = 0; Display off 
C = 0; Cursor off 
B = 0; Blinking off 
4. Entry mode set: 
I/D = 1; Increment by 1 
S = 0; No shift | 
Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD44780U. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 


| Data register (DR) 
read 


Figure 12 4-Bit Transfer Example 
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Instructions 
Outline 


Only the instruction register (IR) and the data 
register (DR) of the HD44780U can be controlled 
by the MPU. Before starting the internal operation 
of the HD44780U, control information is 
temporarily stored into these registers to allow 
interfacing with various MPUs, which operate at 
different speeds, or various peripheral control 
devices. The internal operation of the HD44780U 
is determined by signals sent from the MPU. 
These signals, which include register selection 
signal (RS), read/write signal (R/W), and the data 
bus (DBy to DB7), make up the HD44780U 
instructions (table 6). There are four categories of 
instructions that: 


¢ Designate HD44780U functions, such as 
display format, data length, etc. 


e Set internal RAM addresses 
e Perform data transfer with internal RAM 
e Perform miscellaneous functions 


Normally, instructions that perform data transfer 
‘with internal RAM are used the most. However, 


HD44780U 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD44780U RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 11) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 


Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is 0 before sending another instruction from 
the MPU. 


Note: Be sure the HD44780U is not in the busy 
state (BF = 0) before sending an instruction 
from the MPU to the HD44780U. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 6 for the list of each instruc- 
tion execution time. 
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Table 6 Instructions 


Execution Time 


ee Se E.-., (max) (when fc, oF 
Instruction RS R/W DB, DB, DB; DB, DB; DB, DB, DB, Description fosc is 270 kHz) 
Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and 15.2ms 
display sets DD RAM address 0 in 
address counter. 
Return 0 0 0 0 0 0 0 0 1 — Sets DD RAM address Oin 15.2 ms 
home . address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 
Entry 0 0 0 0 0 0 0 1 VD $ Sets cursor move direction 37 ps 
mode set and specifies display shift. 


These operations are 
performed during data 
write and read. 


Display 0 0 0 0 0 0 1 D Cc B Sets entire display (D) 37 Us 


on/off : on/off, cursor on/off (C), 
control and blinking of cursor 

position character (B). 
Cursor or 0 0 O 0 90 1 s/c RL —- — Moves cursor and shifts 37 ps 
display | display without changing 
shift DD RAM contents. 
Function 0 0 O O 1 DL N F — —  _ Sets interface datalength 37 ps 
set (DL), number of display 

lines (N), and character 

font (F). 
Set CG 0 0 0 1 Acc Acc Ace Aca Aca Acc Sets CG RAM address. 37 pis 
RAM CG RAM data is sent and 
address received after this setting. 
Set DD 0 0 1 App App App App App App App _Sets DD RAM address. 37 ps 
RAM DD RAM data is sent and 
address received after this setting. 
Read busy 0 1 BF AC AC AC AC AC AC AC __ Reads busy flag (BF) O ps 
flag & indicating internal operation 
address is being performed and 

reads address counter 

contents. 
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Table 6 Instructions (cont) 


Execution Time 





ee (max) (when f,, or 
Instruction RS R/W DB, DB, DB; DB, DB, DB. DB, DBy Description fosc is 270 kHz) 
Writedata 1 0 #£Write data Writes datainto DD RAM 37 us 
to CG or or CG RAM. tapp = 4 ps* 
DD RAM ) 
Readdata 1 1 Read data Reads data from DD RAM 37 ps 
from CG or or CG RAM. tapp = 4 ps* 
DD RAM 
I/D = 1: Increment DD RAM: Display data Execution time 
/D =0: Decrement RAM |. changes when 
S =1: Accompanies display shift CG RAM: Character frequency changes 
S/C = 1: Display shift generator RAM Example: 
S/C = 0: Cursor move Acg: CG RAM address When frp or fosc 
R/L = 1: Shift to the right App: DD RAM address is 250 kHz, 
R/L = 0: Shift to the left (corresponds to 270 
DL =1: 8bits, DL=0: 4 bits cursor address) 37 ps ~O50 40 us 
N =1: 2lines,N=0: 1 line AC: Address counter 
F =1: 5x 10dots,F =0: 5x8dots used for both DD and 
BF = 1: Internally operating CG RAM addresses 
BF =0: Instructions acceptable 
Note: — indicates no effect. 


* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 13, tapp is the time elapsed after the busy flag turns off until the address counter is updated. 


Busy signal ~=—— Busy state 


(DB, pin) 


Address counter 


(DBy to DB, pins) 


———-r, 
tapp 


Note: tapp depends on the operation frequency 
tapp = 1.5/(fcp or fosc) seconds 





Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 


Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 


Return Home 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). 


Entry Mode Set 


I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
- and reading of CG RAM. 


S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1. The 
display does not shift if S is 0. 


If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 


into or reading out from CG RAM does not shift 


the display. 
Display On/Off Control 


D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
D tol. 


C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (figure 16). 


B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 409.6-ms intervals when 
fop Or fosc is 250 kHz. The cursor and blinking 
can be set to display simultaneously. (The 
blinking frequency changes according to fosc or 
the reciprocal of f,). For example, when f,, is 
270 kHz, 409.6 x 250/270 = 379.2 ms.) 


Cursor or Display Shift 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 7). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. Note that 
the first and second line displays will shift at the 
same time. 


When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 


The address counter (AC) contents will not change 
if the only action performed is a display shift. 


Function Set 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBg) when 


DL is 1, and in 4-bit lengths (DB7 to DB4) when 


DL is 0. 


When 4-bit length is selected, data must be sent or 
received twice. 


N: Sets the number of display lines. 
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F: Sets the character font. Set CG RAM Address 


Note: Perform the function at the head of the | Set CG RAM address sets the CG RAM address 
program before executing any instructions binary AAAAAAA into the address counter. 
(except for the read busy flag and address 


instruction). 


From this point, the function | Data is then written to or read from the MPU for 


set instruction cannot be executed unless CG RAM. 
the interface data length is changed. 


Clear 
display 


Display 
on/off control 


Cursor or 
display shift 


Function set 


Set CG 
RAM address 


RS R/W DB, DB, DB, DB, DB, DB, DB, DBy 


RS R/W DB, DB, DB, DB, DB; DB, DB, DBy 


ToT Tee le]e [eo]: |] wm stomee 


RS R/W DB, DBs DB; DB, DB; DB: DB, DBy 


CSIR 


RS R/W DB, DB DB, DB, DB; DB DB, DB, 


Aslerele era ee 


Figure 14 





RS RW DB, DB, DB, DB, DB, DB, DB, DB, 


com LoDo To To [o [+ [oe]m |= [=] ve soma 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


cow [Tole To] [lef e [|=] me seen 


RS RW DB, DB, DB, DB, DB, DB, DB, DBy 


oot CRORE ES CUCU ES EES 


A|AIA 
Higher Lower 
order bit order bit 





Figure 15 
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Set DD RAM Address 


Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter. 


Data is then written to or read from the MPU for 
DD RAM. 


However, when N is 0 (l-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H 
for the first line, and 40H to 67H for the second 
line. 


Table 7 Shift Function 


s/C R/L 
0 0 
0 1 
1 0 
1 1 


Table 8 Function Set 


No. of 

Display | Character Duty 
N F Lines Font Factor 
0 0 1 5 x 8 dots 1/8 
0 1 1 5 x 10 dots 1/11 
1 * 2 5 x 8 dots 1/16 


Note: * Indicates don’t care. 


Read Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by both CG and DD 
RAM addresses, and its value is determined by the 
previous instruction. The address contents are the 
same as for instructions set CG RAM address and 
set DD RAM address. 


Shifts the cursor position to the left. (AC is decremented by one.) 

Shifts the cursor position to the right. (AC is incremented by one.) 
Shifts the entire display to the left. The cursor follows the display shift. 
Shifts the entire display to the right. The cursor follows the display shift. 


Remarks 


Cannot display two lines for 5 x 10 dot character font 
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EI 


5 x 8 dot 
character font 


Set DD 
RAM address 


Read busy flag 
and address 


Cursor display example 





HD44780U 


gq ae 


naps —- 


5 x 10 dot Alternating display 
character font 











Blink display example 





Figure 16 Cursor and Blinking 


RS RW DB, DB, DB, DB, DB, DB, DB, DB, 


order bit order bit 


RS RW DB, DB, DB, DB, DB, DB, DB, DBy 


order bit order bit 





Figure 17 
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Write Data to CG or DD RAM 


Write data to CG or DD RAM writes 8-bit binary 
data DDDDDDDD to CG or DD RAM. 


To write into CG or DD RAM is determined by 
the previous specification of the CG RAM or DD 
RAM address setting. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift. 


Read Data from CG or DD RAM 


Read data from CG or DD RAM reads 8-bit binary 
data DDDDDDDD from CG or DD RAM. 


The previous designation determines whether CG 
or DD RAM is to be read. Before entering this 
read instruction, either CG RAM or DD RAM 
address set instruction must be executed. If not 
executed, the first read data will be invalid. When 
serially executing read instructions, the next 
address data is normally read from the second 
read. The address set instructions need not be 


executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set © 
DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed regardless of the entry 
mode. 


Note: The address counter (AC) is automatically 
incremented or decremented by 1 after the 
write instructions to CG RAM or DD RAM 
are executed. The RAM data selected by 
the AC cannot be read out at this time even 
if read instructions are executed. Therefore, 
to correctly read data, execute either the 
address set instruction or cursor shift 
instruction (only with DD RAM), then just 
before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 


RS R/W DB, DB, DB, DB, DBs, DB, DB, DB, 


soo OO RES CEILS CE 


Higher Lower 
order bits order bits 


Write data to 
CG or DD RAM 


RS RW DB, DB, DBs DB, DB, DB, DB, DB, 


ots CA RDC ED EI EI CDE EIES 


Read data from 
~ CGorDD RAM 


Lower 
order bits 


Higher 
order bits 





Figure 18 
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Interfacing the HD44780U 


Interface to MPUs In this example, PBy to PB7 are connected to 
| the data bus DBg to DB7, and PAg to PAg are 
¢ Interfacing to an 8-bit MPU through a PIA connected to E, R/W, and RS, respectively. 
See figure 20 for an example of using a PIA or Pay careful attention to the timing relationship 
/O port (for a single-chip microcomputer) as between E and the other signals when reading 
an interface device. The input and output of or writing data using a PIA for the interface. 
the device is TTL compatible. 


Ree 0 —i(i‘“:;*CN 


internal 
operation 


Not 
DB; Li Data XLT) Busy YA Busy LLLP RY a_Data XYZ, 


Instruction Busy flag Busy flag Busy flag Instruction 
check check 


Functioning 


write check write 





Figure 19 Example of Busy Flag Check Timing Sequence 


HD68B00 HD68B21/HD63B21 


(8-bit CPU) (PIA) HD44780U 


COM; to 
COMie 


SEG, to 
SEGao 


DBo to DB, Do to Dy 





Figure 20 Example of Interface to HD68B00 Using PIA (HD68B21/HD63B21) 
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HD44780U 


COMi6 


SEG; to 
DBpto DB, SEG«o 





Figure 21 8-Bit MPU Interface 


HD44780U 





Figure 22 H8/325 Interface (Single-Chip Mode) 


HD44780U 


COM; to 
COMie 


DBo to DB, SEG; to 
SEG 40 





Figure 23 HD6301 Interface 
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Interfacing to a 4-bit MPU See figure 25 for an interface example to the 
| HMCS4019R. 

The HD44780U can be connected to the I/O 

port of a 4-bit MPU. If the I/O port has Note that two cycles are needed for the busy 

enough bits, 8-bit data can be transferred. flag check as well as for the data transfer. The 

Otherwise, one data transfer must be made in 4-bit operation is selected by the program. 


two operations for 4-bit data. In this case, the 
timing sequence becomes somewhat complex. 
(See figure 24.) 


Internal 
operation 


Functioning 


DB, ZN IR X Re KZ Busy CAVA busy [RCAVZX Dy X Ds XZ 


Instruction Busy flag Busy flag Instruction 
write check check write 


Note: * IR7, IR3 are the 7th and 3rd bits of the instruction 
ACz3 is the 3rd bit of the address counter 


Figure 24 Example of 4-Bit Data Transfer Timing Sequence 


HMCS4019R HD44780 


SEG; to| 40 
SEGao 


DB, to DB7 


Figure 25 Example of Interface to HMCS4019R 
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Interface to Liquid Crystal Display 


Character Font and Number of Lines: The 
HD44780U can perform two types of displays, 5 x 
8 dot and 5 x 10 dot character fonts, each with a 
cursor. 7 


Up to two lines are displayed for 5 x 8 dots and 
one line for 5 x 10 dots. Therefore, a total of three 


Table 9 Common Signals 


types of common signals are available (table 9). 


The number of lines and font types can be selected 
by the program. (See table 6, Instructions.) 


Connection to HD44780 and Liquid Crystal 
Display: See figure 26 for the connection 
examples. 


Number of Lines Character Font Number of Common Signals Duty Factor 
1 5 x 8 dots + cursor 8 1/8 

1 | 5 x 10 dots + cursor 11 1/11 

2 5 x 8 dots + cursor 16 1/16 


HD44780 


Example of a 5x8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle) 


HD44780 


Example of a 5 x10 dot, 8-character x 1-line display (1/4 bias, 1/11 duty cycle) 





Figure 26 Liquid Crystal Display and HD44780 Connections 
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Since five segment signal lines can display one 
digit, one HD44780U can display up to 8 digits for 
a 1-line display and 16 digits for a 2-line display. 


The examples in figure 26 have unused common 
signal pins, which always output non- 


HD44780 


HD44780U 


selection waveforms. When the liquid crystal 
display panel has unused extra scanning lines, 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
crosstalk during the floating state (figure 27). 


BRAD SBS 6 Od S GA a 
SE BB GRD SE BB Sea ee ee) 
ER RD GS oO OD Cea ee ee ene 
6000 aD 4440... 
Bhd GS FB GB CA a ETD 
SS BB SR SSS RES EEE, 
oh oD GD 0 ob ch SD ER Ee 
SD SS SB Re 
9S 0 OS (2 8) Raa ee 
OOo BBS OD GB ee a EER Lee Ieee) 
OR BE BS 6D SD Cae eC 

RIE SE EE DIE I ILE LEE DEE LT LETTE TED ATES 


Example of a 5 x8 dot, 8-character x 2-line display (1/5 bias, 1/16 duty cycle) 





Figure 26 Liquid Crystal Display and HD44780 Connections (cont) 


HD44780 





5 x8 dot, 8-character x 1-line display (1/4 bias, 1/8 duty cycle) 


Figure 27 Using COMg to Avoid Crosstalk on Unneeded Scanning Line 
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Connection of Changed Matrix Layout: In the 
preceding examples, the number of lines 
correspond to the scanning lines. However, the 
following display examples (figure 28) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. In either case, the only 
change is the layout. The display characteristics 


HD44780 


and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DD 
RAM) addresses for 4 characters x 2 lines and 
for 16 characters x 1 line are the same as in 
figure 26. 


5 x 8 dot, 16-character x 1-line display 
(1/5 bias, 1/16 duty cycle) 


HD44780 


5 x 8 dot, 4-character x 2-line display 
(1/4 bias, 1/8 duty cycle) 





Figure 28 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal 
Display Drive 


Various voltage levels must be applied to pins Vy cp is the peak value for the liquid crystal 
V, to V5 of the HD44780U to obtain the liquid _— display drive waveforms, and resistance dividing 
crystal display drive waveforms. The voltages _ provides voltages V, to Vs (figure 29). 

must be changed according to the duty factor 

(table 10). 


Table 10 Duty Factor and Power Supply for Liquid Crystal Display Drive 





Duty Factor 
1/8, 1/11 1/16 
Bias 

Power Supply 1/4 1/5 
V; Vec-1/4 Viep Vec-1/5 Viep 
Vo Voec—1/2 Vicp Voc—2/5 Viep 
V3 Veo-/2Vicp Voc—3/5 Vip 
V4 : Veco-3/4 Viep Vec—4/5 Viep 
V5 Vec-Vicp Vec-Vicp 


Voc (+5 V) Voc (+5 V) 


1/4 bias 1/5 bias 
(1/8, 1/11 duty cycle) | (1/16, duty cycle) 





Figure 29 Drive Voltage Supply Example 
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Relationship between Oscillation 
Frequency and Liquid Crystal Display 
’ Frame Frequency 


The liquid crystal display frame frequencies of frequency is 270 kHz (one clock pulse of 
figure 30 apply only when the oscillation 3.7 Ss). 


1/8 duty cycle 


COM1 


Voc 
Vv; 
Vo ( V3 ) 


|-—_____-— 1 frame +] 


1 frame = 3.7 ps x 400 x 8 = 11850 ps = 11.9 ms 


Frame frequency = —— = 84.3 Hz 


1/11 duty cycle , es 400 clocks 
COM1 

Vec 

Vy 

Vo (V3) 


Vs 


|}-—____—__— 1 frame + 


1 frame = 3.7 ps x 400 x 11 = 16300 ps = 16.3 ms 


Frame frequency = een See 61.4 Hz 
16.3 ms 


1/16 duty cycle 


, 200 clocks | 


}-+--—_——-_—- 1 frame —____| 


1 frame = 3.7 ps x 200 x 16 = 11850 ps = 11.9 ms 


Frame frequency = or = 84.3 Hz 





Figure 30 Frame Frequency 
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Connection with HD44100 Driver 


By externally connecting an HD44100 liquid 
crystal display driver to the HD44780U, the 
number of display digits can be increased. The 
HD44100 is used as a segment signal driver when 
connected to the HD44780U. The HD44100 can 
be directly connected to the HD44780U since it 
supplies CL;, CL2, M, and D signals and power 
for the liquid crystal display drive (figure 31). 


Caution: The connection of voltage supply pins 
V, through V¢ for the liquid crystal 
display drive is somewhat complicated. 


HD44780U 


Up to nine HD44100 units can be connected for a 
1-line display (duty factor 1/8 or 1/11) and up to 
four units for a 2-line display (duty factor 1/16). 
The RAM size limits the HD44780U to a 
maximum of 80 character display digits. The 
connection method for both 1-line and 2-line 
displays or for 5 x 8 and 5 x 10 dot character fonts 
can remain the same (figure 26). 


COM ,-COMi¢ rR ee : 
(COM,-COMg) Dot-matrix liquid crystal display panel 


SEG; -SEGyp 





Figure 31 Example of Connecting HD44100s to HD44780 
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Instruction and Display Correspondence 


254 


8-bit operation, 8-digit x 1-line display with 
internal reset | | 


Refer to table 11 for an example of an 
8-digit x 1-line display in 8-bit operation. The 
HD44780U functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when combined with the display shift 
operation. 


Since the display shift operation changes only 
the display position with DD RAM contents 
unchanged, the first display data entered into 
DD RAM can be output when the retum home 
operation is performed. 


4-bit operation, 8-digit x 1-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 12). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBg to DB3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 12). 
Thus, DB, to DB7 of the function set 
instruction is written twice. . 


¢ 8-bit operation, 8-digit x 2-line display 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be again set 
after the 8th character is completed. (See 
table 13.) Note that the display shift operation 
is performed for the first and second lines. In 
the example of table 13, the display shift is. 
performed when the cursor is on the second 
line. However, if the shift operation is 
performed when the cursor is on the first line, 
both the first and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the first line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 


Note: When using the internal reset, the electrical 


characteristics in the Power Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the 
HD44780U must be initialized by 
instructions. See the section, Initializing 
by Instruction. 
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Table 11 8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset 


Step . 
No. 


1 


Instruction 


RS RW DB, DB, DB; DB, DB, DB. DB, DBy Display 


Power supply on (the HD44780U is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 1 1 0 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CG RAM/DD RAM 


1 0 0 4 0 0 1 


10 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Write data to CG RAM/DD RAM 
1 0 0 141 0 0 1 


Entry mode set 
0 0 0 0 0 0 90 


Write data to CG RAM/DD RAM 
1 0 O0O 0 #414 0 =O 


0 


a 


© 


aia 
is eee 
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Operation 
Initialized. No display. 


Sets to 8-bit operation and 
selects 1-line display and 5x 8 
dot character font. (Number of 
display lines and character 
fonts cannot be changed after 
step #2.) 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. DD.RAM has 
already been selected by 
initialization when the power 


. was turned on. 


The cursor is incremented by 
one and shifted to the right. 


Writes |. 


Writes I. 
Sets mode to shift display at 


the time of write. 


Writes a space. 
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Table 11 8-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset (cont) 


Step 


‘No. 
11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


256 


Instruction 


Write data to CG RAM/DD RAM. 
1 0 0 1 0 60 1 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Cursor or display shift 
0 0 0 0 0 1 #90 


Cursor or display shift 
0 0 0 0 0 1 0 


Write data to CG RAM/DD RAM 
1 0 oO 1 0 oO O 


Cursor or display shift 
0 0 0 0 0 1 1 


Cursor or display shift 
0 0 0 0 0 14 QO 


Write data to CG RAM/DD RAM 
1 0 0 14 0° 0 41 


Return home 
0 0 0 0 0 0 0 


RS R/WDB, DB, DB, DB, DB, DB, DB, DB, Display 


a TACHI M_ 

7 4 MICROKO_ 

. % MICROKO 
— MICROKO 

a. 4 ICROCO 

— 4 MICROCQ __ 
a MICROCO_ 

a. 4 ICROCOM_ 

: & HITACHI 
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Operation 
Writes M. 


Writes O. 


Shifts only the cursor position 
to the left. 


Shifts only the cursor position 
to the left. 


Writes C over K. 
The display moves to the left. 


Shifts the display and cursor 
position to the right. 


Shifts the display and cursor 
position to the right. 


Writes M. 


Returns both display and cursor 
to the original position 
(address 0). 
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Table 12 4-Bit Operation, 8-Digit x 1-Line Display Example with Internal Reset 


Step Instruction 
No. RS R/W DB, DB, DB, DB, Display Operation 


1 Power supply on (the HD44780U is initialized by ees Initialized. No display. 
the internal reset circuit) 


2 Function set as Sets to 4-bit operation. 
0 0 0 0 1 =O ; In this case, operation is 
handled as 8 bits by initializa- 


tion, and only this instruction 
completes with one write. 


3 Function set al Sets 4-bit operation and selects 
0 0 0 0 1 90 1-line display and 5 x 8 dot 
0 0 0 0 * * character font. 4-bit operation 


starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.) 


4 Display on/off control — ae Turns on display and cursor. 





0 0 0 0 0 0 Entire display is in space mode 
| oO 0 1 1 #1 = «~0 because of initialization. 
5 Entry mode set ees Sets mode to increment the 
0 0 0 0 0 0 address by one and to shift the 
0 0 0 1 1 #90 cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 
6 Write data to CG RAM/DD RAM ie Writes H. | 
1 0 O 14 0 90 _ The cursor is incremented by 


1 0 14 0 0 0 | one and shifts to the right. 


- Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 13 8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset 


Step 


No. 
1 


Instruction | 


RS RW DB, DB, DB; DB, DB, DB. DB, DBy Display 


Power supply on (the HD44780U is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 1 1 1 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CG RAM/DD RAM 
1 0 0 14 0 0 1 


Operation 
Initialized. No display. 


Sets to 8-bit operation and 
selects 2-line display and 
5 x 8 dot character font. 


Turns on display and cursor. 
All display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right. 





7 


8 
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Write data to CG RAM/DD RAM 
1 0 0 14 0 0 1 


Set DD RAM address 
0 oO 1 1 0 82 O 0 


Sets DD RAM address so that 
the cursor is positioned at the 
head of the second line. 


ih peer 

to femtas 

——— 

0 1 Writes |. 
tee 

0 0 
eee 
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Table 13 8-Bit Operation, 8-Digit x 2-Line Display Example with Internal Reset (cont) 





Step Instruction 

No. RS R/W DB, DB, DB; DB, DB, DB, DB, DB, Display Operation 

9 Write data to CG RAM/DD RAM THITACH! Writes M. 
100100411410 1 Ca 

10 : 

11 ie ae - ve ae e ae J, Writes O. 

12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 4 1 1 fet _ the time of write. 

13. Write data to CG RAM/DD RAM ITACHI Writes M. Display is shifted to 
1 0 0 141 0 0 1 1 oO 1 the left. The first and second 

= lines both shift at the same time. 

14 : 

15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 1 #90 to the original position 


(address 0). 
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Initializing by Instruction 
If the power supply conditions for correctly — Refer to figures 32 and 33 for the procedures on 


operating the internal reset circuit are not met, 8-bit and 4-bit initializations, respectively. 
initialization by instructions becomes necessary. 


Power on 


Wait for more than 15 ms Wait for more than 40 ms 
after Voc rises to 4.5 V after Voc rises to 2.7 V 


RS RW DB, DB, DBs DB, DB, DBs DB, DBy BF cannot be checked before this instruction. 
| ; : . 


0 0 0 0 oo fe Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


| | 


RS RW DB, DB, DB; DB, DB, DB2 DB, DBy BF cannot be checked before this instruction. 
1 


0 0 0 0 oe ee Function set (Interface is 8 bits long.) 


Wait for more than 100 Us 


RS RW DB; DB, DB; DB, DB; DB, DB, DBy BF cannot be checked before this instruction. 
1 1 * * * 


0 0 0 0 . Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 

time. (See table 6.) 


Function set (Interface is 8 bits long. Specify the 
number of display lines and character font.) 

The number of display lines and character font 
cannot be changed after this point. 


wv 
on 
of 
iw) 
w 
Sw 
Oo 
@ 
© 
A 
oO 
& 
Oo 
w 
© . 
Oo 
we 
oO 
@ 
iw) 
LP 


oS © |. 
eo ;oO};o 
O1olo;o 
-=lol;oin 
BG /Clo| * 


Display off 


o 
O};O};O; oOo 
OofO;O{— 
oOjyo|oO;— 
oO;/O;-|2 
OM\i-j|O|} * 


Display clear 
Entry mode set 


Initialization ends 





Figure 32 8-Bit Interface 
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Power on 


Wait for more than 15 ms Wait for more than 40 ms 
after Voc rises to 4.5 V after Vog rises to 2.7 V 


o¢g 
o3 

ww] 
og 


DB, DB; DB, BF cannot be checked before this instruction. 
1 1 


0 Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


RS RW DB; DB, DBs DB, BF cannot be checked before this instruction. 


000011 Function set (Interface is 8 bits long.) 


Wait for more than 100 ps 


og 


R/W DB; DB, DBs DB, BF cannot be checked before this instruction. 
0 0 0 1 1 


Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 6.) 


Function set (Set interface to be 4 bits long.) 
Interface is 8 bits in length. 


o% 
S, 
£ 
fe, 
we 
9 
P|. 
, 
2 


Function set (Interface is 4 bits long. Specify the 
number of display lines and character font.) 

The number of display lines and character font 
cannot be changed after this point. 


Display off 


Oo 


Go Oolo0 o 
© o|o colo ofo ofog 
© 0/0 O]=- o]2 o|o 
= 010 0]0o Oln ofo 
oOo O10 Of# =] — 
oD o;=]= 0/0 O!|* O!1O0 


oO 
= 
Oo 


Display clear 


Initialization ends Entry mode set 





Figure 33 4-Bit Interface 
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Absolute Maximum Ratings* 


item Symbol Value Unit Notes 
Power supply voltage (1) Voc-GND ~ 0.3 to +7.0 V 1 
Power supply voltage (2) Voec-Vs ~—0.3 to +13.0 Vv 1,2 
Input voltage | V; —0.3 to Voc +0.3 V 1 
Operating temperature Topr —20 to +75 | °C. 3 
Storage temperature T stg -55to+125 °C 4 


Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 


Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
Cause poor reliability. 


DC Characteristics (Vcc = 2.7 V to 4.5 V, T, = -20 to +75°C*3) 


Item Symbol Min Typ Max Unit Test Condition Notes* 
Input high voltage (1) Vir, 0.7Vco — Voc V 6 
(except OSC,) 
Input low voltage (1) Vind -0.3 — 0.55 V 6 
_ (except OSC,) 
Input high voltage (2) = Vino 0.7Vcc — Voc Vv 15 
(OSC,) | 
Input low voltage (2) Vito — — 0.2Vcc V 15 
(OSC,) 
Output high voitage (1) Von; 0.75Vcc — _ V —loy = 0.1 mA 7 
(DBp—DB,7) : | 
Output low voltage (1) Vor; = — 0.2Vcc V lop = 0.1 mA 7 
(DBo-DB;) 
Output high voltage (2) Voye 0.8Vco — — V —loy = 0.04 mA 8 
(except DBp—DB,) 
Output low voltage (2) Vo.2 — ~ 0.2Vcec V lo, = 0.04 mA 8 
(except DBy>—-DB,) 
Driver on resistance Room — — 20 kQ +ild=0.05 mA, 13 
(COM) Vicp = 4V 
Driver on resistance Rseg — — 30 kQ +ld=0.05 mA, 13 
Input leakage current = IL, -1 — 1 pA Vin = Oto Voc 9 
Pull-up MOS current -lIp 10 50 120 WA Vec =3V 
(DBp—-DB7, RS, R/W) 
Power supply current Icoc _ 0.15 0.30 mA — R; oscillation, 10, 14 
external clock 
Voc = 3V, fosc = 270 kHz 

LCD voltage Vico 3.0 —_ 11.0 V Vec-Vs, 1/5 bias 16 

Vicp2 3.0 = 11.0 V Voc-Vs, 1/4 bias 16 





Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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AC Characteristics (Voc = 2.7 V to 4.5 V, T, = -20 to +75°C*3) 


Clock Characteristics 


Item Symbol! Min Typ 

External External clock frequency — f,, 125 250 

clock 

operation External clock duty Duty 45 50 
External clock rise time trep - 
External clock fall time tcp _- — 

Ry Clock oscillation frequency fosc 190 270 

oscillation 


Max 
350 
55 
0.2 
0.2 
350 


Unit Test Condition Note* 


kHz 11 
% 
us 
ys 
kHz Ry = 75kQ, 12 
Veo = 3.V 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 


Bus Timing Characteristics 


Write Operation 

item Symbol 
Enable cycle time toycE 
Enable pulse width (high level) PWeny 
Enable rise/fall time ter, tes 
Address set-up time (RS, RW to E) tas 
Address hold time tan 
Data set-up time tosw 
Data hold time ty 
Read Operation 

Item Symbol 
Enable cycle time toy 
Enable pulse width (high level) PWeny 
Enable rise/fall time ter, ter 
Address set-up time (RS, RAWto E) tas 
Address hold time taH 
Data delay time topr 
Data hold time tour 


Min Typ 
1000 — 


450 — 


60 — 
20 — 
195 — 
10 — 


Min Typ 
1000. — 
450 _ 


60 _— 
20 _ 
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Max 


Max 


360 


Unit Test Condition 
ns Figure 34 


Unit Test Condition 
ns Figure 35 
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Interface Timing Characteristics with External Driver 


item Symbol Min Typ Max = Unit_—‘ Test Condition 
Clock pulse width = Highlevel tow, .§ 800 — — ns Figure 36 
Low level tow. 800 — — 
Clock set-up time tosu 500 — — 
Data set-up time tsy 300 — — 
Data hold time ton 300 — — 
M delay time tom -~1000 — 1000 
Clock rise/fall time tet — — 200 


Power Supply Conditions Using Internal Reset Circuit 


Item Symbol Min Typ Max Unit Test Condition 
Power supply rise time toc 0.1 — 10 ms Figure 37 
Power supply off time | torr 1 — — 
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DC Characteristics (Vcc = 4.5 V to 5.5 V, Tg = -20 to +75°C*3) 
Item Symbol Min Typ Max Unit Test Condition Notes* 





Input high voltage (1) = Vix, 2.2 — Vec V 6 
(except OSC,) 
Input low voltage (1) Ving -0.3 — 0.6 V 6 
(except OSC,) 
Input high voltage (2) Vine Vec-1.0 — Voc V 15 
(OSC,) | 
Input low voltage (2) Vito — — 1.0 V 15 
(OSC,) | 
Output high voltage (1) Von; 2.4 — — V —loy = 0.205 mA 7 
(DBy-DB;) 
Output low voltage (1) Vo,; = —_ 0.4 V lo, = 1.2 mA 7 
(DBo-DB;) 
Output high voltage (2) Vone 0.9 Voc ae = V lov = 0.04 mA 8 
(except DBp—DB7) 

- Output low voltage (2) Vo12 = = 0.1Vceco V lo, = 0.04 mA 8 
(except DBg—DB,) 
Driver on resistance Room _ — 20 kQ  +ld=0.05 mA, = 13 
(COM) Vicp=4V 
Driver on resistance Rope — — 30 kQ = +Id = 0.05 mA, 13 
(SEG). | Vicp = 4V 
Input leakage current |, —1 — 1 pA Vin = 0 to Voce 9 
Pull-up MOS current —lp 50 125 250 pA Vec =5V 
(DBy—-DB7, RS, RW) 
Power supply current  Ioc — 0.35 0.60 mA — R, oscillation, 10, 14 

: external clock 
. Voc =5 V, fosc = 270 kHz 

LCD voltage Viens 3.0 —_ 11.0 V Voc-Vs, 1/5 bias 16 


Vicpe 3.0 —_ 11.0 Vo Vec-Vs, 1/4 bias 16 
Note: * Refer to the Electrical Characteristics Notes section following these tables. 


AC Characteristics (Vcc = 4.5 V to 5.5 V, T, = -20 to +75°C*3) 


Clock Characteristics 


item Symbol Min Typ Max Unit Test Condition Note* 
External External clock frequency —fgp 125 250 350 _ kHz 11 
Chock External clock duty Duty 45 50 55 % 11 
operation . 
External clock rise time trep — — 0.2 us 11 
External clock fail time ticp —_ — 0.2 us 11 
R; Clock oscillation frequency fosc 190 270 350 kHz R-=91kQ 12 
oscillation | Voc = 5.0 V 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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Bus Timing Characteristics 
Write Operation 


Item 

Enable cycle time 

Enable pulse width (high level) 
Enable rise/fall time 

Address set-up time (RS, R/W to E) 
Address hold time 

Data set-up time 

Data hold time 


Read Operation | 


Item 

Enable cycle time . 
Enable pulse width (high level) 
Enable rise/fall time 

Address set-up time (RS, R/W to E) 
Address hold time 

Data delay time 

Data hold time 


Symbol 


teycE 
PWen 
ter ter 
tas 
taH 
tosw 
ty 


Symbol 


toycE 
PWey 
te, ter 
tas 
taH 
tppr 
tDHR 


Min 
500 
230 


40 
10 
80 
10 


Min 
500 
230 


40 
10 


Typ 


Max 


Max 


Interface Timing Characteristics with External Driver 


Item 

Clock pulse width High level 
Low level 
Clock set-up time 

Data set-up time 

Data hold time 

M delay time 


Clock rise/fall time 


Symbol 


towH 
towL 
tcsu 
tsu 
tbH 
tom 
tet 


Min 
800 

— 800 
500 
300 
300 
~1000 


Typ 


Max 


1000 
100 


Power Supply Conditions Using Internal Reset Circuit 


item 
Power supply rise time 
Power supply off time 
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Typ 


Symbol — Min 
torr 1 
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Max 


10 


Unit | 


ns 


Unit 


ns 


Unit 
ns 


Unit 


ms 


Test Condition 
Figure 34 


Test Condition 
Figure 35 


Test Condition 
Figure 36 


Test Condition 
Figure 37 
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Electrical Characteristics Notes 


1. All voltage values are referred to GND = 0 V. 


Vec 
B 
Vy A=Vec-Vs The conditions of V,; and Vs voltages are for proper 
A B =Voc-V; operation of the LSI and not for the LCD output level. 
A21.5V The LCD drive voltage condition for the LCD output 
Ve B<0.25xA level is specified as LCD voltage Vi cp. 


2. Vec2 V1 2 V2 2 V3 2 V42 Vs must be maintained. 


For die products, specified up to 75°C. 








4. For die products, specified by the die shipment specification. 
5. The following four circuits are I/O pin configurations except for liquid crystal display output. 
Input pin -Output pin 
Pin: E (MOS without pull-up) Pins: RS, R/W (MOS with pull-up) Pins: CL;, CLa, M, D 
Voc | Vec Veo: Vec 
PMOS PMOS PMOS 
NMOS NMOS NMOS 
1/O Pin 
Pins: DBp>—DB7 Voc 
(MOS with pull-up) 
(pull-up MOS) 


Input enable 





: Output 
T enable data 


(output circuit) 
(tristate) 


NMOS 
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Applies to input pins and I/O pins, excluding the OSC, pin. 
Applies to I/O pins. 


Applies to output pins. 


oo OG NO 


Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 
level must be fixed high or low. 


11. Applies only to external clock operation. 





| | Th Ti 
| 0.7 Vec 
0.5 V 
Open — OSC; 0.3 Veo 
trep ttep 
Th 
Duty = 0% 
net 


12. Applies only to the internal oscillator operation using oscillation resistor R. 


Re: 75kQ + 2% (when Vog = 3 V) 
R;>: 91 kQ+4 2% (when Voc = 5 V) 
Ry _ Since the oscillation frequency varies depending on the OSC, and 


OSC, 


Osc, 


OSC, pin capacitance, the wiring length to these pins should be minimized. 


Tose (KHz) 





50 (91100 150 50 (75) 100 150 
Ry (kQ) | Ry (kQ) 
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13. Rcom is the resistance between the power supply pins (Vcc, V;, V4, V5) and each common 
signal pin (COM, to COMj¢). 


Roxg is the resistance between the power supply pins (Vcc, V2, V3, V5) and each segment signal pin 
(SEG, to SEG). 


14. The following graphs show the relationship between operation frequency and current consumption. 


log (mA) 





fosc Or fo, (kHz) fosc orf, (KHz) 


1 


WC 


. Applies to the OSC, pin. 


16. Each COM and SEG output voltage is within 0.15 V of the LCD voltage (Vcc, V;, V2, V3, V4, V5) 
when there is no load. 
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Load Circuits — 
Data Bus DBo to DB, 
Voc = 5 V 
For Voc = 4.5 to 5.5 V | For Voc = 2.7 to 4.5 V 
3.9kQ 
Test Test 
point point 0 | 
90 pF 1S2074@ | | 50 pF —- 


diodes 


External driver control signals: CL1, CL2,D,M 
Test 


point o | 


30 pF 
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Timing Characteristics 


DBo to DB, Valid data 





Figure 34 Write Operation 


VoHt * * Vout 
DBo to DB L Vous Valid data Voix 


Note: * VOL1 is assumed to be 0.8 V at 2 MHz operation. 





Figure 35 Read Operation 
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Figure 36 Interface Timing with External Driver — 


2.7 VW/4.5 V2 


0.1 MS <tr $10 MS torr 21 ms 


Notes: 1. tore compensates for the power oscillation period caused by momentary power 
supply oscillations. | 
. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation. 
. For if 4.5 V is not reached during 5-V operation, the internal reset circuit will not 
operate normally. | 
In this case, the LSI must be initialized by software. (Refer to the Initializing 
by Instruction section.) 





Figure 37 Internal Power Supply Reset 
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HD66702 (LCD-II/E20) 


(Dot Matrix Liquid Crystai Display 


Controller/Driver) 


Description 


The HD66702 LCD-II/E20 dot-matrix liquid 
crystal display controller and driver LSI displays 
alphanumerics, Japanese kana characters, and 
symbols. It can be configured to drive a dot- 
matrix liquid crystal display under the control of a 
4- or 8-bit microprocessor. Since all the functions 
required for driving a dot-matrix liquid crystal 
display are internally provided on one chip, a 
minimal system can be interfaced with this 
controller/driver. | 


A single LCD-II/E20 can display up to two 
20-character lines. However, with the addition of 
HD44100 drivers, a maximum of up to two 
40-character lines can be displayed. 


The low 3-V power supply of the LCD-I/E20 under 
development is suitable for any portable battery- 
driven product requiring low power dissipation. 


Features 


« 5x7and 5 x 10 dot matrix possible 
¢ 80x 8-bit display RAM (80 characters max.) 
e 7,200-bit character generator ROM 
— 160 character fonts (5 x 7 dot) 
— 32 character fonts (5 x 10 dot) 
e 64x 8-bit character generator RAM 
— 8 character fonts (5 x 7 dot) 
—~ 4 character fonts (5 x 10 dot) 
¢ 16-common x 100-segment liquid crystal 
display driver 


Ordering Information 
Type No. Package 
HCD66702RA00_ —- Chip 
HCD66702RA00L Chip 


Programmable duty cycles 

— 1/8 for one line of 5 x 7 dots with cursor 

— 1/11 for one line of 5 x 10 dots with cursor 

— 1/16 for two lines of 5 x 7 dots with cursor 

Maximum display characters 

— One line: 
1/8 duty cycle, 20-char. x 1-line (no 
extension), 28-char. x 1-line (extended 
with one HD44100), 80-char. x 1-line 
(max. extension with eight HD44100s). 
1/11 duty cycle, 20-char. x 1-line (no 
extension), 28-char. x 1-line (extended 
with one HD44100), 80-char. x 1-line 
(max. extension with eight HD44100s) 

— Two lines: 


1/16 duty cycle, 20-char. x 2-line (no 


extension), 28-char. x 2-line (extended 
with one HD44100), 40-char. x 2-line 
(max. extension with eight HD44100s) 

Wide range of instruction functions: 

— Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

Choice of power supply (Vcc): 4.5 to 5.5 V 

(standard), 2.7 to 5.5 V (low voltage) 

Automatic reset circuit that initializes the 

controller/driver after power on (standard 

version only) 

Independent LCD drive voltage driven off of 

the logic power supply (Vcc): 3.0 to 7.0 V 


Operating Voltage ROM Font 
4.5to55V 
2.7 to5.5V 


Standard Japanese font 


HD66702RA00F 144-pin plastic QFP (FP-144A) 4.5to5.5V 
HD66702RAO0FL 144-pin plastic QFP (FP-144A)  2.7to55V 


HD66702RA01F 144-pin plastic QFP (FP-144A) 45to55V Japanese font for comunication system 


HD66702RA02F 144-pin plastic QFP (FP-144A) 45to55V 
45to55V 
2.7 to 5.5 V 


HCD66702RBxx Chip 
HCD66702RBxxL Chip 


European font 
Custom font 


HD66702RBxxF 144-pin plastic QFP (FP-144A) 45to55V 
HD66702RBxxFL 144-pin plastic QFP (FP-144A) 2.7to55V 


Note: xx: ROM code No. 
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LCD-II Family Comparison 


Item 
Power supply voltage 


_ Liquid crystal drive 1/4 bias 
voltage Vicp 1/5 bias 


Maximum display 


LCD-Il LCD-IVA 
(HD44780) (HD66780) 
5 V+10% 5 V +10% 
3.0 to 11 V 3.0 V to Vec 
4.6to11V 3.0 V to Vee 
16 digits 16 digits 


LCD-IV/E20 


(HD66702) 


5 V +10% (standard) 
3 V +10% (low voltage) 


3.0 to 6.0 V 
3.0 to 6.0 V 
40 digits 





R; oscillation frequency 
(frame frequency) 


R; resistance 


Instructions 
CPU bus timing 
Package 


274 


_ clock 


external ceramic 
filter, or external 
clock 


270 kHz +30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 


external ceramic 
filter, or external 


270 kHz +30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 


43 to 80 Hz for 1/11 43 to 80 Hz for 1/11 
duty cycle) duty cycle) 
91 kQ+2% 83 kQ +2% 


Fully compatible within the LCD-I! family 


1 MHz 2 MHz 
FP-80, FP-80A, and FP-80B and FP-80A 
80-pin bare chip 


(no package) 


HITACHI 


digits per chip (8 digits x 2 lines) (8 digits x 2 lines) (20 digits x 2 lines) 
Display duty cycle 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16 
CGROM 7,200 bits 12,000 bits 7,200 bits 
(160 character fonts (240 character fonts (160 character fonts for 
for 5 x 7 dot and for 5 x 10 dot) 5 x 7 dot and 
32 character fonts 32 character fonts for 
for 5 x 10 dot) 5 x 10 dot) 
CGRAM 64 bytes 64 bytes 64 bytes 
DDRAM 80 bytes 80 bytes 80 bytes 
Segment signals 40 40 100 
Common signals 16 16 16 
Liquid crystal drive waveform A B B 
Ladder resistor for LCD External External External 
power supply | 
Clock source External resistor, External resistor, External resistor or 


external clock 


320 kHz +30% 

(69 to 128 Hz for 1/8 
and 1/16 duty cycles; 
50 to 93 Hz for 1/11 
duty cycle) 


68 kQ +2% (standard) 
56 kQ +2% (low voltage) 


1 MHz 
144-pin bare chip 


(no package) and 
FP-144A 


HD66702 
LCD-I/E20 Block Diagram 


OSC, OSC, EXT 


Reset 


circuit imi 
Timing 
Instruction 7 
register (IR) 
Display 
(DD RAM) signal 


80 x 8 bits | driver 


100-bit | | Segment 
latch signal 
circuit driver 


LCD drive 
voltage 
selector 


Character Character 

generator generator 
ROM 

(CG ROM) 

7,200 bits 


Cursor 
and 
blink 
controller 
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LCD-I/E20 Pad Arrangement 


: Test pins to be grounded 
: Power supply pins 
: Power supply pins (ground) 
: Input pins 
1 : Output pins 
: Input/Output pins 


. (top view) 
Minimum pad pitch = 130 ym 





276 HITACHI 





HD66702 


HCD66702 Pad Location Coordinates 





Pad Pad Pad Pad 

No. Name X (um) Y (um) No. Name X (um) Y (um) 
1 SEGo, ~2475 2350 31 SEG, ~2475 -1600 
2 SEG, ---2475.~=Ss«2205 32 SEG, “2475-1735 
3 SEG3p ~2475 2065 33 SEG, ~2475 -1870 
4 SEG, -2475 1925 34 SEG, ~2475 -2010 
5 SEGap ~2475 1790 35 GND -2475 ~2180 
6 SEGog ~2475 1655 36 OSC. ~2475 ~2325 
7 SEGog ~2475 1525 37 OSC, -2445 ~2475 
8 SEGo7 ~2475 1395 38 Voc -2305 -2475 
9 SEGog ~2475 1265 39 Voc -2165 ~2475 
10 SEGo5 ~2475 1135 40 V; ~2025 ~2475 
11 SEGo, ~2475 1005 41 Vo ~1875 ~2475 
12 SEGo, ~2475 875 42 V3 ~1745 —2475 
13 SEGoo ~2475 745 43 V4 ~1595 -2475 
14 SEG, ~2475 615 44 Vs -1465 -2475 
15 SEGap ~2475 485 45 CL, ~1335 -2475 
16 SEG jg ~2475 355 46 Clo ~1185 ~2475 
17 SEGi, ~2475 225 «47 M -1055 ~2475 
18 SEG,7 -2475 95 48 D ~905 -2475 
19 SEGj, ~2475 -35 49 EXT ~775 ~2475 
20 SEG, ~2475 ~165 50 TEST ~625 ~2475 
21 SEG,, ~2475 -295 51 GND -495 § -2475 
22 SEG,3 ~2475 —425 52 RS -345 ~2475 
23 SEG —2475 —555 53 R/AW -195 -2475 
24 SEG,  —- -2475 685 54 E —45 -2475 
25 SEG, ~2475 -815 55 DBy 85 -2475 
26 SEG, ~2475 —945 56 DB, 235 ~2475 
27 SEG, -2475 ~1075 57 DB, 365 -2475 
28 SEG, ~2475 = -1205 58 DB, 515 -2475 
29 SEG, ~2475 ~1335 59 DB, 645 -2475 
30 SEG; ~2475 -1465 60 DB; 795 —2475 
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HCD66702 Pad Location Coordinates (cont) 


Pad 
No. 


61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 


85 


86 
87 
88 
g9 
90 
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Pad 
Name 


DBs 
DB, 
COM, 
COM> 
COM, 
COM, 
COMs 
COM, 
COM, 
COMg 
COMg 
COMi9 
COM,, 
COM,» 
COM,3 
COM, 
COM:5 
COMi¢ 
SEGi00 
SEGogg 
SEGog 
SEGo7 
SEGog_ 


SEGos, 


SEGo, 
SEG, 
SEGop 
SEGo, 
SEGogo 
SEGago 


X (um) 


925 


1075 
1205 
1335 
1465 
1595 
1725 
1855 
1990 
2125 
2265 
2410 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 


Pad 

Y (um) : No. 
~2475 91 
—2475 92 
-—2475 93 
—2475 94 
~-2475 95 
—2475 96 
~2475 97 
-—2475 98 
—2475 99 
-—2475 100 | 
-—2475 101 
-—2475 102 
—2290 103 
—2145 104 
-2005 105 
1865 106 
-—1730 107 
—1595 108 
—1465 109 
~1335 110 
-1205 111 
-1075 112 
—945 113 
~815 114 
685 115 
555 116 
425 17 
—295 118 
~165 119 
-35 120 
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Pad 
Name 


SEGop 
SEGs, 
SEGg5 
SEGas 


SEG, 


SEGa3 
SEGgo 
SEGa, 
SEGao 


SEGJ9 


SEG75 
SEG7, 
SEGy, 
SEGi5 


‘SEG, 


SEG75 
SEG7> 
SEG,, 
SEG 
SEGeo 


SEGeg 


SEG. 
SEGeg 
SEGes 
SEGe, 
SEGea 
SEGeo 
SEGe, 
SEGeo 
SEGcq 


X (um) 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 


2475 


2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2320 
2175 
2035 
1895 
1760 
1625 
1495 
1365 
1235 
1105 
975 

845 


Y¥ (um) | 
95 
225 
355 
485 
615 
745 
875 
1005 
1135 
1265 
1395 
1525 
1655 
1790 
1925 
2065 
2205 
2350 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 
2475 





HD66702 


HCD66702 Pad Location Coordinates (cont) 





Pad Pad Pad Pad 

No. Name X (um) Y (um) No. Name X (uum) Y (um) 
121 SEGsg 715 2475 133 SEGug -845 2475 
122 SEGs, 585 2475 134 SEG,s ~975 2475 
123 SEGsg 455 2475 135 SEGu, -1105 2475 
124 SEGes 325 2475 136 SEGa3 ~1235 2475 
125 SEGs, 195 2475 137 SEGao ~1365 2475 
126 SEGs3 65 2475 138 SEG, ~1495 2475 
127 SEGsp -65 2475 139 SEG ~1625 2475 
128 SEGs, ~195 2475 140 SEGaq ~1760 2475 
129 SEGsp ~325 2475 141 SEGag -1895 2475 
130 SEGig ~455 2475 142 SEG, ~2035 2475 
131 SEGug 585 2475 143 SEGag ~2175 2475 
132. SEG,7 ~715 2475 144 SEGg5 ~2320 2475 


Notes: 1. Coordinates originate from the chip center. 
2. The above are preliminary specifications, and may be subject to change. 
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HD66702 Pin Arrangement 


: Test pins to be grounded 
: Power supply pins 
: Power supply pins (ground) 
: Input pins 
ie] : Output pins 
: Input/Output pins 


(top view) 
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Pin Functions 


Table 1 Pin Functional Description 





Device 

Signal vO Interfaced with Function 
RS i MPU Selects registers. 

0: Instruction register (for write) 

Busy flag: address counter (for read) 

1: Data register (for write and read) 
RAW | MPU Selects read or write. 

0: Write 

1: Read 
E ‘| MPU Starts data read/write 
DB, to DBz VO MPU Four high order bidirectional tristate data bus pins. Used 


for data transfer between the MPU and the LCD-II/E20. 
DB, can be used as a busy flag. 


DBy to DB VO MPU Four low order bidirectional tristate data bus pins. Used 
7 for data transfer between the MPU and the LCD-II/E20. 
These pins are not used during 4-bit operation. 


CL, O HD44100 Clock to latch serial data D sent to the HD44100H driver 


CL» O HD44100 Clock to shift serial data D 
M O HD44100 Switch signal for converting the liquid crystal drive 
waveform to AC 
D 7 O HD44100 Character pattern data corresponding to each segment 
signal | 
COM, toCOM,, =O LCD Common signals that are not used are changed to non- 
selection waveforms. COMg to COM. are non- 
selection waveforms at 1/8 duty factor and COM)p> to 
COM; are non-selection waveforms at 1/11 duty factor. 
SEG, to SEG 99 O LCD Segment signals 
V, to Vs — Power supply ~ Power supply for LCD drive 
Vec, GND — Power supply Voc: +5 V or +3 V, GND: 0 V 
TEST l — Test pin, which must be grounded | 
EXT | — 0: Enables extension driver control signals CL,, CLo, M, 
| and D to be output from its corresponding pins. 
1: Drives CL,, CL, M, and D as tristate, lowering power 
| dissipation. 
OSC,, OSC» _ _ Pins for connecting the registers of the internal clock 


oscillation. When the pin input is an external clock, it 
must be input to OSC,. 
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Function Description 
Registers 


The HD66702 has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can only be 
written from the MPU. 


The DR temporarily stores data to be written into 
DD RAM or CG RAM. Data written into the DR 
from the MPU is automatically written into DD 
RAM or CG RAM by an internal operation. The 
DR is also used for data storage when reading data 
from DD RAM or CG RAM. When address 
information is written into the IR, data is read and 
then stored into the DR from DD RAM or CG 
RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM or CG RAM at the next address is sent to 
the DR for the next read from the MPU. By the 
register selector (RS) signal, these two registers 
can be selected (table 2). 


Table 2 Register Selection 


Busy Flag (BF) 


When the busy flag is 1, the HD66702 is.in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table 2), the busy flag is output to DB7. The next 
instruction must be written after ensuring that the 
busy flag is 0. 


Address Counter (AC) 


The address counter (AC) assigns addresses to 
both DD RAM and CG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of either DD RAM or CG RAM is also 
determined concurrently by the instruction. 


After writing into (reading from) DD RAM or CG 
RAM, the AC is automatically incremented by 1 
(decremented by 1). The AC contents are then 
output to DBy to DBg when RS = 0 and R/W = 1 
(table 2). 


RS R/W Operation 

0 0 IR write as an internal operation (display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DBp to DBg) 

1 0 DR write as an internal operation (DR to DD RAM or CG RAM) 
1 1 DR read as an internal operation (OD RAM or CG RAM to DR) 
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Display Data RAM (DD RAM) — Case 2: For a 28-character display, the 
| HD66702 can be extended using one 
Display data RAM (DD RAM) stores display data HD44100 and displayed. See figure 4. 
represented in 8-bit character codes. Its extended 
capacity is 80 x 8 bits, or 80 characters. The area When the display shift operation is 
in display data RAM (DD RAM) that is not used performed, the DD RAM address shifts. 
for display can be used as general data RAM. See See figure 4. 
figure 1 for the relationships between DD RAM 
addresses and positions on the liquid crystal — Case 3: The relationship between the 
display. display position and DD RAM address 
| when the number of display digits is 
The DD RAM address (App) is set in the address increased through the use of two or more 
counter (AC) as hexadecimal. HD44100s can be considered as an 


extension of case #2. 
e 1-line display (N = 0) (figure 2) | 





Since the increase can be eight digits per 


— Case 1: When there are fewer than 80 additional HD44100, up to 80 digits can be 
display characters, the display begins at the displayed by externally connecting eight 
head position. For example, if using only HD44100s. See figure 5. 
the HD66702, 20 characters are displayed. 

See figure 3. 


When the display shift operation is 
performed, the DD RAM address shifts. 
See figure 3. 


High order Low order 


}~—— bits —»|~——— bits =o Example: DD RAM address 4E 


(hexadecimal) [A t}ofolititifo 


Figure 1 DD RAM Address 





Display position 
(digit) 


1 2 3 4 § | 79 80 
Diareee’ — [00 01 [02 | 03 04] -+--+--seeseeeeees | aE | aE 
address 01 at 


(hexadecimal) 





Figure 2 1-Line Display 
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_ address 





Display 
position 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


DD RAM |09 01 /c2}a3 04 os] 06) 07] 08} 00] 04] 08] 0c] o0]oe|or] 10] +1] 12] 19 





Enit ltt [21]02| 03] 04] 05] 08 07] 08] 09] 0a}08] 0000] oe] oF | 10] 11 |12] 13] 14 
shit int [4 90] 01 [2 |03| 04 [os [os] 07 [08 os} oa oB oc} oo oe or] 10]14] 12 
shift right 


Figure 3 1-Line by 20-Character Display Example 


Display | 
position 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 


DD RAM 
address 


Display 
position 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 2728 «== 77 78 79 80 


address 


LCD-II/E20 display 1st HD44100 8th HD44100 
display display 


Figure 5 1-Line by 80-Character Display Example 
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« 2-line display (N = 1) (figure 6) consecutive. For example, when just the 
HD66702 is used, 20 characters x 2 lines 
— Case 1: When the number of display are displayed. See figure 7. 
characters is less than 40 x 2 lines, the two 
lines are displayed from the head. Note When display shift operation is performed, 
that the first line end address and the the DD RAM address shifts. See figure 7. 


second line start address are not 


Display 
position 


1 2 3 4 § 39 40 
poram | 90 | 01 | 02 | 03] 04 |---| 26] 27 
address 
(hexadecimal) | 40 | 41 44 | 67 





Figure 6 2-Line Display 


Display 
position 1 10 11 12 13 14 15 16 17 18 19 20 


spe os 2] 0] ss] 7] 0] on] oefocToo|oe[or10] 1 ]r2] = 
address 
40 | 41 |42 | 43] 44| 45 [48] 47 | 48] 49 |44|4B|40 [40] 4€ |4F |50|51 [52/53 


98 oc 00 oe oF | 10] 11] 1213 14 


ia ei ec eos 


For ___ [27|00| 01] 02] 08 [04 [05 [06] 07| 08 09 [oa |oe|oc|o0 oe [or 10] 14] 12 
shift right 
* [87 404 42 [43 44] 45 [46 [47] 48 [49 [4A |48] 40 [40 [ae |4F [50 [51] 52 


Figure 7 2-Line by 20-Character Display Example 
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— Case 2: For a 28-character x 2-line display, when the number of display digits is 
the HD66702 can be extended using one increased by using two or more HD44100s, 
HD44100. See figure 8. can be considered as an extension of case 


#2. See figure 9. 
When display shift operation is performed, 


the DD RAM address shifts. See figure 8. Since the increase can be 8 digits x 2 lines 

: | for each additional HD44100, up to 

— Case 3: The relationship between the 40 digits x 2 lines can be displayed by 
display position and DD RAM address externally connecting three HD44100s. 


Display 
position 


DD RAM o7jsfosfoaoeiocioogor|t0|11/12]19}14H15[16|17|18hrohralB 
address | 
47 | 4o|4alae}acao}eet4rs0s 5269/5415) 66)67/56,59 Ap 


LCD-II/E20 display HD44100 display 


947} ooepde ro 9/4967] 19pahehc 
SINS a see 7 a a0} HO 4 45051 0945550579 s asc 


For {27o0]oooso4ooosfo7oeo}ofospopopeor of s12/9)4) s}e/r7pehoha 
shift right 
Sa alc a Gd Gr a cs Gl Ga 


Figure 8 2-Line by 28-Character Display Example 





Display 
position 1 2 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 37 38 39 40 


1D raw [9fo}oz0x042610627ce—}oApspopor f1ypaha}ahshel 7eliah aye ~~ [easel 


SESS Lleol ooo arcs ecsalsssolsfslsls safer 
feenceore cata eecencd 


~~ ~~ 
LCD-II/E20 display st eta sbi oe 
isplay isplay 





_ Figure 9 2-Line by 40-Character Display Example 
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Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 7 dot 


or 5 x 10 dot character patterns from 8-bit 
character codes (table 5). It can generate 
160 5 x 7 dot character patterns and 32 5 x 10 dot 
character patterns. User-defined character patterns 
are also available by mask-programmed ROM. 


Character Generator RAM (CG RAM) 


In the character generator RAM, the user can 
rewrite character patterns by program. For 5 x 7 
dots, eight character patterns can be written, and 
for 5 x 10 dots, four character patterns can be 
written. 


Write the character codes at the addresses shown 
as the left column of table 5 to show the character 
patterns stored in CG RAM. 


See table 6 for the relationship between CG RAM 
addresses and data and display patterns. 


Areas that are not used for display can be used as 
general data RAM. 


HD66702 


Modifying Character Patterns 
e Character pattern development procedure 


The following operations correspond to the 
numbers listed in figure 10: 


1. Determine the correspondence between 
character codes and character patterns. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program the character patterns into the 
EPROM. 


4, Send the EPROM to Hitachi. 


_ 5. Computer processing on the EPROM is 


performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI proceeds at Hitachi. 
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Hitachi | User 


Start 














Determine 
character patterns 


Create EPROM 
address data listing 


Write EPROM 
EPROM -— Hitachi 


Computer 


processing 









Create character 


pattern listing © 








Evaluate 
character 
patterns 


Yes 
ce] 
[=] 
CesT 
Sample 
re 


Yes 


Mass 
production 








e © 8 °@O 





Note: For a description of the numbers used in this figure, refer to the preceding page. 


Figure 10 Character Pattern Development Procedure 
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e Programming character patterns — 5x7 dot character pattern 
This section explains the correspondence EPROM address data and character pattern 
between addresses and data used to program data correspond with each other to form a 
character patterns in EPROM. The 5 x 7 dot character pattern (table 3). 


LCD-II/E20 character generator ROM can 
generate 160 5S x 7 dot character patterns and 
32 5 x 10 dot character patterns for a total of 
192 different character patterns. 


Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 7 dots) 





EPROM Address Data 


LSB 
Aio Ag Ag Az Ag Ag Ag Ag Az Ay Ag| O04 O3 O2 O; Oo 


Fill line 8 (cursor position) 
with Os 





Character code Line 

position 

Notes: 1. EPROM addresses Aq to Ag correspond to a character code. 

. EPROM addresses Ap to Ao specify a line position of the character pattern. 

EPROM data O, to Op correspond to character pattern data. 

. Alit display position (black) corresponds to a 1. 

. Line 8 (cursor position) of the character pattern must be blanked with Os. 

. EPROM data Oz to O, are not used. 


Onhwh — 
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— 5x 10 dot character pattern 


EPROM address data and character pattern 
data correspond with each other to form a 
5 x 10 dot character pattern (table 4). 


— Handling unused character patterns 


. EPROM data outside the character pattern 


area: Ignored by the character generator ROM 
for display operation so 0 or 1 is arbitrary. 


EPROM data in CG RAM area: Ignored by 
the character generator ROM for display 
operation so 0 or 1 is arbitrary. 


3. EPROM data used when the user does not 


use any HD66702 character pattern: 
According to the user application, handled in 
one of the two ways listed as follows. 


i. When unused character patterns are not 
programmed: If an unused character code 
is written into DD RAM, all its dots are lit. 
By not programing a character pattern, all 
of its bits become lit. (This is due to the 
EPROM being filled with 1s after it is 
erased.) 


ii, When unused character patterns are 
programmed as 0s: Nothing is displayed 
even if unused character codes are written 
into DD RAM. (This is equivalent to a 
space.) 


Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 


Notes: 1. | 
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(5 x 10 dots) 


| EPROM Address 


Data 


LSB 


Aio Ag Ag Az Ag As Ag Ag Az Ay Ag} 94 03 O2 0; Oo 


Oo © 
oO 


0 
0 
0 
0 
1 
1 
1 
1 


—~ —- OF OO — «a 
_—-~ O = Oo = Oo — 


Oo oOo oO 
—_- © Oo 
o+ OO 


Character code Line 
position 


pattern lines 9, 10, and 11 to Os. 


Ooh Wh 


. EPROM data Os to O,7 are not used. 
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Fill line 11 (cursor position) 
with Os 


EPROM addresses Aj to Ag correspond to a character code. Set Ag and Ag of character 


. EPROM addresses Ag to Ag specify a line position of the character pattern. 
EPROM data O, to Og correspond to character pattern data. 

. Alit display position (black) corresponds to a 1. 

. Blank out line 11 (cursor position) of the character pattern with Os. 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A00) 


ESS on [oor oor oro Jorn [ovo rr] 00 | or 0] 0a [0] va 
pewooo | RAN) “| [1 EI] 


al! Alalale (PIG /Siq 
oowol ol ARIF IBIS! ee 
mono ELS sle sla NT Els ee 
ooo EID TILL, Ob FIle 
oo o PSE etal lalFLa ee 
ovo a RGIE WF Sse 
wow Lo” CP a Sle FEE ig | 
wovoo) oH TAs] «0 rf 
owen a STG Pale PTL 

ots Filer) | 
owen @ LS IL eae lo | 
cow) ol» FILED Te ES 
owe] © [=I aes 
awe oly IA Aan Py 
own o Plo al 


Note: The user can specify any pattern for character-generator RAM. 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A01) 
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Ee oo [oe [ors [oe os [oro] ora ne on 
mee] BaP IF al1912 AS 


pawooot | @ |S LD ASA yo UP 
pewooro || Lae Ee tT ere def [Te att 
pewoort | FE La ha Sy FT ET 
peworoo | 11 R IE | ah, ET bP Le 
paworos | [ore VE Ne hal PtP ad 
paworro | [Re HEAL TE a AT SE 
pews LO] Lo STAN a UF ES 
peorooo | LG FRA ea dbs | of [Et] aE [ca 
peosoon | PALL PTD [teen TF eT La 
peosoro | OLAS LN La be a 
poosors LE] TRIE Ui doe Er 
pote OL 1 TFET R TY dae Ea Ea 
posto | [|= TP Spal La els ae) 
powoti10| Og LAL ele taf 
pos Lo ae | ATNL Iica fo  SaTD 
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Table 5 Correspondence between Character Codes and Character Patterns (ROM code: A02) 


Ea fone [ors [oa orn [oro [or [sro] vrs [00 [rv [or] 0 
cee 21 EVIE) el [1g Ea 


joe}! Aaa i PDs 
aoe ol ZIBIRIBIF ES less 
oor w TSC Ses 6 ale SS 
row] o SEED Ee ISS 
owe |o SSE eal SS 
joe) o RIG IE at SESS 
coors ol” FDIS uu ASS T= 
ww) o 0 SAIS Fie] SSE 
rower fo ST YT Pa SET 
ow) o PRS T1213 ee EEE 
ooo fo FS ETL kt REO 
revo ols IL ERTL 1ST [ola 1 
ovo fo T= IMCD? Pg Fa 
ooo] oly DIM ITE IS ESE 
ow fo PPTL TET * [ee BT Fo 
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Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) 





For 5 x 7 dot character patterns 


Character Codes Character Patterns 
(DD RAM data) Zz oo neenecress - (CG RAM data) 
76543210 § 43210 76543210 
High High 


Low 
ee 
see 


0000 * 11 1 



















Character 
pattern 









Cursor position 


oOo|jnmA ~ =~ =H OO 0 Ola ++ +4 0000 
oojr7 +? OF Om = O08 O;R —- OF O=- = OO 





Notes: 1. Character code bits 0 to 2 correspond to CG RAM address bits 3 to 5 (3 bits: 8 types). 

2. CG RAM address bits 0 to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 
Maintain the 8th line data, corresponding to the cursor display position, at 0 as the cursor display. 
If the 8th line data is 1, 1 bits will light up the 8th line regardless of the cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0 to 4 (bit 4 being at the left ). 
Since CG RAM data bits 5 to 7 are not used for display, they can be used for general data RAM. 

4. As shown tables 5 and 6, CG RAM character patterns are selected when character code bits 
4 to 7 are all 0. However, since character code bit 3 has no effect, the R display example above 
can be selected by either character code OOH or 08H. 

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection. 

* Indicates no effect. 
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Table 6 Relationship between CG RAM Addresses, Character Codes (DD RAM) and Character 
Patterns (CG RAM data) (cont) 


For 5 x 10 dot character patterns 
Character Codes Character Patterns 
(DD RAM data) i CG RAM Address = (CG RAM data) 
76543210 §4321 0 76543210 
High Low High Low High Low 






















Character 
pattern 





Cursor position 


comm eww mer emerges 


*® 





i eo 





Notes: 1. Character code bits 1 and 2 correspond to CG RAM address bits 4 and 5 (2 bits: 4 types). 

2. CG RAM address bits 0 to 3 designate the character pattern line position. The 11th line is 
the cursor position and its display is formed by a logical OR with the cursor. 

Maintain the 11th line data corresponding to the cursor display positon at 0 as the cursor display. 
If the 11th line data is 1, 1 bits will light up the 11th line regardless of the cursor presence. 
Since lines 12 to 16 are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4 to 7 are all 0. 
However, since character code bits 0 and 3 have no effect, the P display example above 
can be selected by character codes OOH, 01H, 08H, and O9H. 

5. 1 for CG RAM data corresponds to display selection and 0 to non-selection. 

* Indicates no effect. 
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Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM and CG RAM. RAM read 
timing for display and internal operation timing by 
MPU access are generated separately to avoid 
interfering with each other. Therefore, when 
writing data to DD RAM, for example, there will 
be no undesirable interferences, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals for the operation of 
the externally connected HD44100 driver. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
16 common signal drivers and 100 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 


The segment signal driver has essentially the same 
configuration as the HD44100 driver. Character 
pattern data is sent serially through a 100-bit shift 
register and latched when all needed data has 


arrived. The latched data then enables the driver 
to generate drive waveform outputs. The serial 
data can be sent to externally cascaded HD44100s 
used for displaying extended digit numbers. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66702 drives from the head display. The rest 
of the display, corresponding to latter addresses, 
are added with each additional HD44100. 


Cursor/Blink Control Circuit 


The cursor/blink control circuit generates the 
cursor or character blinking. The cursor or the 
blinking will appear with the digit located at the 
display data RAM (DD RAM) address set in the 
address counter (AC). 


For example (figure 11), when the address counter 
is O8H, the cursor position is displayed at DD 
RAM address 08H. 


AC6 ACS AC4 AC3 AC2 AC1 ACO 


os REESE EVEX EES 


For a 1-line display 
Display position 


DD RAM address 
(hexadecimal) 


For a 2-line display 
Display position 


DD RAM address 
(hexadecimal) 


cursor position 


1 2 3 4 5 6 7 8 9 
00 | ot | c2 | os | os | os | 06 | o7 | 98 | oo 
eee Sess es 


cursor position 


Note: * The cursor or blinking appears when the address counter (AC) selects the character 
generator RAM (CG RAM). However, the cursor and blinking become meaningless. 
The cursor or blinking is displayed in the meaningless position when the AC is a CG RAM address. 





Figure 11 Cursor/Blink Display Example 
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Interfacing to the MPU Reset Function 


The HD66702 can send data in either two 4-bit _ Initializing by Internal Reset Circuit 


operations or one 8-bit operation, thus allowing ; aoe ; a vues 
interfacing with 4- or 8-bit MPUs An internal reset circuit automatically initializes 


the HD66702 when the power is turned on. The 

¢ For 4-bit interface data, only four bus lines following instructions are executed during the 

(DB, to DB7) are used for transfer. Bus lines _ initialization. The busy flag (BF) is kept in the 

DBo to DB3 are disabled. The data transfer busy state until the initialization ends (BF = 1). 

between the HD66702 and the MPU is The busy state lasts for 10 ms after Vcc rises to 

completed after the 4-bit data has been 4.5 V. 

transferred twice. As for the order of data 

transfer, the four high order bits (for 8-bit 1. Display clear 

operation, DB, to DB7) are transferred before 2. Function set: 

the four low order bits (for 8-bit operation, DL = 1; 8-bit interface data 


DBo to DB3). N = 0; 1-line display 
F = 0; 5 x 7 dot character font 





The busy flag must be checked (one 
instruction) after the 4-bit data has been 3. Display on/off control: 


transferred twice. Two more 4-bit operations D = 0; Display off 
then transfer the busy flag and address counter C = 0; Cursor off 
data. B = 0; Blinking off 
¢ For 8-bit interface data, all eight bus lines 4. Entry mode set: 
(DBg to DB7) are used. I/D = 1; Increment by 1 
S = 0; No shift 


Note: If the electrical characteristics conditions 
listed “under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66702. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 


Instruction register (1A) | Busy flag (BF) and | Data register (DR) 


address counter (AC) read 
read 


write 





Figure 12 4-Bit Transfer Example 
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Instructions 
Outline 


Only the instruction register (IR) and the data 
register (DR) of the HD66702 can be controlled by 
the MPU. Before starting the internal operation of 
the HD66702, control information is temporarily 
stored into these registers to allow interfacing with 
various MPUs, which operate at different. speeds, 
or various peripheral control devices. The 
internal operation of the HD66702 is determined 
by signals sent from the MPU. These signals, 
which include register selection (RS), read/write 
(R/W), and the data bus (DBy to DB7), make up 
the HD66702 instructions (table 7). There are four 
categories of instructions that: 


« Designate HD66702 functions, such as display 
format, data length, etc. 


e Set internal RAM addresses 
e Pertorm data transfer with internal RAM 
e Perform miscellaneous functions 


Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66702 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 12) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 


Because the busy flag is set to 1 while an 
instruction is being ¢xecuted, check it to make 
sure it is 0 before sending another instruction from 
the MPU. 


Note: Be sure the HD66702 is not in the busy 
State (BF = 0) before sending an instruction 
from the MPU to the HD66702. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 7 for the list of each instruc- 
tion execution time. 
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Table 7 Instructions 


Execution Time 


ea (max) (when f,, or 
Instruction RS R/W DB, DB, DB, DB, DB, DB, DB, DB, Description fosc is 320 kHz) 
Clear 0 86«~O 0 0 0 0 0 0 90 1 Clears entire display and 1.28ms 
display sets DD RAM address 0 in 
address counter. 
Return 0 0 0 0 0 0 90 0 1 — Sets DD RAM address Oin 1.28ms 
home address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 
Entry 0 0 0 0 0 0 0 1 VD S$ Sets cursor move direction 31 ps 
mode set and specifies display shift. 
These operations are 
performed during data 





write and read. 
Display 0 0 0 0 0 90 1 D C B Sets entire display (D) 31 ps 


on/off on/off, cursor on/off (C), 
control and blinking of cursor 

position character (B). 
Cursor or 0 0 O oO O 1 Ss; RL —- — Moves cursor and shifts 31 ps 
display display without changing 
shift DD RAM contents. 
Function oO 0 O O 1 DL N F — — _ Sets interface datalength 31 us 
set (DL), number of display 

lines (L), and character 

font (F). 
Set CG 0 0 0 1. Age Aca Aca Aca Acg Acg Sets CG RAM address. 31 ps 
RAM CG RAM data is sent and 
address received after this setting. 
Set DD 0 0 1 App App App App App App App Sets DD RAM address. 31 ps 
RAM DD RAM data is sent and 
address received after this setting. 
Read busy 0 1 BF AC AC AC AC AC AC AC __ Reads busy flag (BF) O us 
flag & indicating internal operation 
address is being performed and 

reads address counter 

contents. 
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Table 7 Instructions (cont) 


Execution Time 





EE): ee eT a (max) (when fc, or 
Instruction RS R/W DB, DB, DB; DB, DB, DB, DB, DB, Description fosc is 320 kHz) 
Write data 1 0 §©Write data | Writes data into DD RAM 31ys 
to CG or or CG RAM. tapp = 4.7 ps* 
DD RAM 
Readdata_ 1 1 Read data Reads data from DD RAM 31 us 
from CG or or CG RAM. tapp = 4.7 ps* 
DD RAM 
/D =1: Increment DD RAM: Display data Execution time 
I/D =0: Decrement RAM changes when 
S = 1: Accompanies display shift CG RAM: Character frequency changes 
S/C = 1: Display shift generator RAM Example: 
S/C = 0: Cursor move Acc: CG RAM address When fc, or fosc 
R/L = 1: Shift to the right App: DD RAM address is 270 kHz, 
R/L = 0: Shift to the left (corresponds to 320 
DL =1: 8bits, DL =0: 4 bits cursor address) 31 ps O70 = 37 ys 
N =1: 2lines,N=0: 1 line AC: Address counter 
F =1: 5x10dots,F =0: 5x7 dots used for both DD and 
BF = 1: Internally operating CG RAM addresses 
BF =0: Instructions acceptable 
Note: — indicates no effect. 


* After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 13, tapp is the time elapsed after the busy flag turns off until the address counter is updated. 


Busy signal ~<—— Busy state 


(DB, pin) 


Address counter 
(DBy to DBg pins) 


(Sennen 
taDD 


Note: tapp depends on the operation frequency 
tapp = 1.5/(fcp Or fosc) seconds 





Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 


Clear display writes space code 20H (character 
pattern for character code 20H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 


Return Home 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). 


Entry Mode Set 


I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
and reading of CG RAM. 


S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1. The 
display does not shift if S is 0. 


If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM does not shift 
the display. 


Display On/Off Control 


D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
Dtol. 


HD66702 


C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 7 dot character font selection and 
in the 11th line for the 5 x 10 dot character font 
selection (figure 16). 


B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 320-ms intervals when fop 
or fosc 18 320 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to fgsc or the 
reciprocal of f,p. For example, when fop is 
270 kHz, 320 x 320/270 = 379.2 ms.) 


Cursor or Display Shift 


Cursor or display shift shifts the cursor position or _ 
display to the right or left without writing or 
reading display data (table 8). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. Note that 
the first and second line displays will shift at the 
same time. 


When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 


The address counter (AC) contents will not change 
if the only action performed is a display shift. 


Function Set 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBo) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when 
DL is 0. 


When 4-bit length is selected, data must be sent or 
received twice. 


N: Sets the number of display lines. 
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F: Sets the character font. Set CG RAM Address 


Note: Perform the function at the head of the Set CG RAM address sets the CG RAM address 
program before executing any instructions binary AAAAAA into the address counter. 


(except for the read busy flag and address 
instruction). From this point, the function | Data is then written to or read from the MPU for 


set instruction cannot be executed unless CG RAM. 
the interface data length is changed. 


RS R/W DB, DB, DB, DB, DB; DB, DB, DB, 


Son ofejejefefefofo{ot: 
display 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


a Tee Le Te[e [ef e[s [| meson 
home 


RS R/W DB, DB, DB, DB, DB, DB DB, DB, 


Entry 
A pofefefejefofo}: |wis| 


RS R/W DB, DBs DBs DB, DB; DB, DB; DB, 


Display 
on/off control 





Figure 14 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


Cursor or : : 
gern com [o To To] o[o[s [oe[me] = [=] se:-coen 


RS. RW DB, DB, DB, DB, DB, DB, DB, DB, 


rocsnet com [oTo[o[o]s [ae] |= [=] me oem 


RS R/W DB, DB, DB; DB, DB, DB, DB, DB, 


Set CG 
RAM address 


Highest Lowest 
order bit order bit 





Figure 15 
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Set DD RAM Address 


Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter. 


Data is then written to or read from the MPU for 
DD RAM. 


However, when N is 0 (1-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 
(2-line display), AAAAAAA can be 00H to 27H 
for the first line, and 40H to 67H for the second 
line. 


Table 8 Shift Function 


HD66702 


Read Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by both CG and DD 
RAM addresses, and its value is determined by the 
previous instruction. The address contents are the 
same as for instructions set CG RAM address and 
set DD RAM address. 


s/C R/L 

0 0 Shifts the cursor position to the left. (AC is decremented by one.) 

0 1 Shifts the cursor position to the right. (AC is incremented by one.) 

1 0 Shifts the entire display to the left. The cursor follows the display shift. 
1 1 Shifts the entire display to the right. The cursor follows the display shift. 


Table 9 Function Set 


No. of 

Display Character Duty 
N F Lines Font Factor 
0 0 1 5 x 7 dots 1/8 
0 1 1 5 x 10 dots 1/11 
1 * 2 5 x 7 dots 1/16 


Note: * Indicates don’t care. 


Remarks 


Cannot display two lines for 5 x 10 dot character font 
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Cursor ——» 
5 x7 dot 5 x 10 dot Alternating display 
character font character font 
Cursor display example Blink display example 






Figure 16 Cursor and Blinking 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


Set DD 
RAM address 


Highest Lowest 
order bit order bit 


RS R/W DB, DB, DB, DB, DB; DB, DB, DB, 


Read busy flag 
and address 


Highest Lowest 
order bit order bit 





Figure 17 
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Write Data to CG or DD RAM 


Write data to CG or DD RAM writes 8-bit binary 
data DDDDDDDD to CG or DD RAM. 


To write into CG or DD RAM is determined by 
the previous specification of the CG RAM or DD 
RAM address setting. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift. 


Read Data from CG or DD RAM 


Read data from CG or DD RAM reads 8-bit binary 
data DDDDDDDD from CG or DD RAM. 


The previous designation determines whether CG 
or DD RAM is to be read. Before entering this 
read instruction, either CG RAM or DD RAM 
address set instruction must be executed. If not 
executed, the first read data will be invalid. When 
serially executing read instructions, the next 
address data is normally read from the second 
read. The address set instructions need not be 


HD66702 


executed just before this read instruction when 
shifting the cursor by the cursor shift instruction 
(when reading out DD RAM). The operation of 
the cursor shift instruction is the same as the set 
DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed regardless of the entry 
mode. 


Note: The address counter (AC) is automatically 


incremented or decremented by 1 after the 


write instructions to CG RAM or DD RAM 
are executed. The RAM data selected by 
the AC cannot be read out at this time even 
if read. instructions are executed. Therefore, 
to correctly read data, execute either the 
address set instruction or cursor shift 
instruction (only with DD RAM), then just 

~ before reading the desired data, execute the 
read instruction from the second time the 
read instruction is sent. 


RS RW DB, DB, DB; DB, DB, DB, DB, DB, 


Write data to 
CG or DD RAM 


out tA REO Ree CALAIS 


Higher 
order bits 


Lower 
order bits 


RS R/W DB, DB, DB; DB, DB, DB, DB, DB, 


ogg CHES COLD EEIEN ES TIES 


Read data from 
CG or DD RAM 


—_-— 


Higher 
order bits 





Lower 
order bits 


Figure 18 
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HD66702 


COM; to 
COMie 


SEG; to 
DBpto.DB, SEG 100 





Figure 19 8-Bit MPU Interface 


HD66702 


COM; to 
DBo to DB, COMie 


HD6301 


COM, to 
COMi¢ 


DBo to DB7 SEG, to 
SEG 1400 





Figure 21 HD6301 Interface 
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Interfacing the HD66702 


Interface to MPUs In this example, PBy to PB7 are connected to 
the data bus DBg to DB7, and PAg to PA, are 
Interfacing to an 8-bit MPU through a PIA connected to E, R/W, and RS, respectively. 
See figure 23 for an example of using a PIA or Pay careful attention to the timing relationship 
I/O port (for a single-chip microcomputer) as between E and the other signals when reading 
an interface device. The input and output of or writing data using a PIA for the interface. 
the device is TTL compatible. 








see ”=~*~*~—“=~=—“~=“‘—“S™*S*™*™*SOCOCN 


Internal 
operation 


No 
os, ZK baa XL) Bass LL Biss LIK Data XI 


Instruction Busy flag Busy flag Busy flag Instruction 
i check check 


Functioning 


write check write 


Figure 22 Example of Busy Flag Check Timing Sequence 


HD68B00 HD68B21 


(8-bit CPU) (PIA) HD66702 


COM; to 
COMi6 


SEG; to 
SEG i099 


PBo to PB7 DB,to DB, 


DBo to DB, Do to Dy 


Figure 23 Example of Interface to HD68B00 Using PIA (HD68B21) 
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¢ Interfacing toa4-bit MPU | See figure 25 for an interface example to the 
: HMCS43C. 
The HD66702 can be connected to the I/O port 
of a 4-bit MPU. If the I/O port has enough Note that two cycles are needed for the busy 
bits, 8-bit data can be transferred. Otherwise, flag check as well as for the data transfer. The 
one data transfer must be made in two 4-bit operation is selected by the program. 


operations for 4-bit data. In this case, the 
timing sequence becomes somewhat complex. 
(See figure 24.) 






Internal 


operation Functioning 
Not 
DB, SZKIR7 IRs XV Busy \ACa XY busy /AC3 K_D7_ X Ds KL 
Instruction Busy flag | Busy flag | Instruction 
write check check write 





Note: * IR7, IR3 are the 7th and 3rd bits of the instruction 
ACz is the 3rd bit of the address counter 


Figure 24 Example of 4-Bit Data Transfer Timing Sequence 


HMCS43C 
(Hitachi 4-bit single-chip 
microcontroller) HD66702 


SEG, to 


DB, to DB7 SEGi00 





Figure 25 Example of Interface to HMCS43C 
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Interface to Liquid Crystal Display 


Character Font and Number of Lines: The 
HD66702 can perform two types of displays, 5 x 7 
dot and 5 x 10 dot character fonts, each with a 
cursor. 


Up to two lines are displayed for 5 x 7 dots and 
one line for 5 x 10 dots. Therefore, a total of three 


Table 10 Common Signals 


HD66702 


types of common signals are available (table 10). 


The number of lines and font types can be selected 
by the program. (See table 7, Instructions.) 


Connection to HD66702 and Liquid Crystal 
Display: See figure 26 for the connection 
examples. 


Number of Lines Character Font Number of Common Signals Duty Factor 
1 5 x 7 dots + cursor 8 1/8 

1 5 x 10 dots + cursor 11 1/11 

2 5 x 7 dots + cursor 16 1/16 


HD66702 


Example of a 5x7 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 


HD66702 


Example of a 5x10 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 





Figure 26 Liquid Crystal Display and HD66702 Connections 
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Since five segment signal lines can display one 
digit, one HD66702 can display up to 20 digits for 
a 1-line display and 40 digits for a 2-line display. 


The examples in figure 26 have unused common 
signal pins, which always output non- 


HD66702 


selection waveforms. When the liquid crystal 
display panel has unused extra scanning lines, 
connect the extra scanning lines to these common 
signal pins to avoid any undesirable effects due to 
crosstalk during the floating state (figure 28). 


Example of a 5 x7 dot, 20-character x 2-line display (1/5 bias, 1/16 duty cycle) 





Figure 27 Liquid Crystal Display and HD66702 Connections (cont) 


HD66702 


5 x 7 dot, 20-character x 1-line display (1/4 bias, 1/8 duty cycle) 





Figure 28 Using COMsg to Avoid Crosstalk on Unneeded Scanning Line 
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Connection of Changed Matrix Layout: In the 
preceding examples, the number of lines 
correspond to the scanning lines. However, the 
following display examples (figure 29) are made 
possible by altering the matrix layout of the liquid 
crystal display panel. In either case, the only 
change is the layout. The display characteristics 


HD66702 
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and the number of liquid crystal display characters 
depend on the number of common signals or on 
duty factor. Note that the display data RAM (DD 
RAM) addresses for 10 characters x 2 lines and 
for 40 characters x 1 line are the same as in 
figure 27. 


§ x 7 dot, 40-character x 1-line display 
(1/5 bias, 1/16 duty cycle) 


5 x 7 dot, 10-character x 2-line display 
(1/4 bias, 1/8 duty cycle) 





Figure 29 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal 
Display Drive 


Various voltage levels must be applied to pins = Vycp is the peak value for the liquid crystal 
V, to Vs of the HD66702 to obtain the liquid display drive waveforms, and resistance dividing 
crystal display drive waveforms. The voltages _ provides voltages V, to V5 (figure 30). 

must be changed according to the duty factor 

(table 11). 


Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive 


Duty Factor 
1/8, 1/11 1/16 

| Bias 
Power Supply 1/4 1/5 
Vi Vec~1/4 Vico Veco-1/5 Vip 
Ve Vec-1/2 Vicp Vec-25 Vico 
V3 Veo~1/2 Vic Vec-34 Viep 
V4 | Vec—3/4 Vicp _ Vec—4/5 Vicp 
V5 Vec-Viep Veo-Viep 


Voc (+5 V) 


1/4 bias 1/5 bias 
(1/8, 1/11 duty cycle) (1/16, duty cycle) 





Figure 30 Drive Voltage Supply Example 
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Relationship between Oscillation 
Frequency and Liquid Crystal Display 
Frame Frequency 


The liquid crystal display frame frequencies of | frequency is 320 kHz (one clock pulse of 
figure 31 apply only when the oscillation 3.125 us). 


1/8 duty cycle 


400 clocks 


Jai 


Vy 
Vo (V3) 
V4 eae 
Vs 
|} 1 frame —___.| 


1 frame = 3.125 ps x 400 x 8 = 10000 ps = 10 ms 


Frame frequency = 7 = = 100 Hz 





1/11 duty cycle 400 cloc! 


COM!1 


eg eee 


1 frame = 3.125 psx 400 x 11 = 13750 ps = 13.75 ms 


Frame frequency = ew = 72.7 Hz 


1/16 duty cycle 


, aad 200 clocks 


me rials 


a en: 


1 frame = 3.125 ps x 200 x16 = 10000 us = 10 ms 


Frame frequency = ee = 100 Hz 





Figure 31 Frame Frequency — 
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Connection with HD44100 Driver 


By externally connecting an HD44100 liquid 
crystal display driver to the HD66702, the number 
of display digits can be increased. The HD44100 
is used as a segment signal driver when connected 
to the HD66702. The HD44100 can be directly 
connected to the HD66702 since it supplies CL), 
CL», M, and D signals and power for the liquid 
crystal display drive (figure 32). 


Caution: The connection of voltage supply pins 
V, through V¢ for the liquid crystal 
display drive is somewhat complicated. 
The EXT pin must be fixed low if the 
HD44100 is to be connected to the 
HD66702. 


HD66702 


COM1-—COMig¢ 
(COM ,;~COM 3) 


SEG) -SEG 100 


Up to eight HD44100 units can be connected for a 
l-line display (duty factor 1/8 or 1/11) and up to 
three units for a 2-line display (duty factor 1/16). 
The RAM size limits the HD66702 to a maximum 
of 80 character display digits. The connection 
method for both 1-line and 2-line displays or for 
5 x 7 and 5 x 10 dot character fonts can remain the 
same (figure 32). 


Dot-matrix liquid crystal display panel 


SHL; HD44100 
SHL» 


2° 


si 





Figure 32 Example of Connecting HD44100Hs to HD66702 
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Instruction and Display Correspondence 


8-bit operation, 20-digit x 1-line display with 
internal reset 


Refer to table 12 for an example of an 
8-bit x 1-line display in 8-bit operation. The 
HD66702 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, as explained before, the RAM 
can be used for displays such as for advertising 
when combined with the display shift 
operation. 


Since the display shift operation changes only 
the display position with DD RAM contents 
unchanged, the first display data entered into 
DD RAM can be output when the return home 
operation is performed. 


4-bit operation, 20-digit x 1-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 13). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBg to DB3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 13). 
Thus, DB, to DB of the function set 
instruction is written twice. 


HD66702 


8-bit operation, 20-digit x 2-line display 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 20 characters in the first 
line, the DD RAM address must be again set 
after the 20th character is completed. (See 
table 14.) Note that the display shift operation 
is performed for the first and second lines. In 
the example of table 14, the display shift is 
performed when the cursor is on the second 
line. However, if the shift operation is 
performed when the cursor is on the first line, 
both the first and second lines move together. 
If the shift is repeated, the display of the 
second line will not move to the first line. The 
same display will only shift within its own line 
for the number of times the shift is repeated. 


Note: When using the internal reset, the electrical 


characteristics in the Power Supply 
Conditions Using Internal Reset Circuit 
table must be satisfied. If not, the 
LCD-II/E20 must be initialized by 
instructions. (Because the internal reset 
does not function correctly when Vcc is 
3 V, it must always be initialized by 
software.) See the section, Initializing by 
Instruction. 


HITACHI se 











HD66702 


Table 12 8-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset 


Ste Instruction 
No. RS R/W DB, DB, DB; DB, DB, DB. DB, DB, Display Operation 


1 Power supply on (the HD66702 is initialized by awe Initialized. No display. 
the internal reset circuit) 


- 


2 Function set 4 Sets to 8-bit operation and 
0 0 0 0 1 14 0 0 * * selects 1-line display and 
character font. (Number of 
display lines and character 
fonts cannot be changed after 
| step #2.) 
3 Display on/off control i Turns on display and cursor. 
0 0 0 0 0 0 14 4 +4 = =0 Entire display is in space mode 
because of initialization. 
4 Entry mode set eas Sets mode to increment the 
0 0 00 0 0 0 14 4 9 address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 
5 Write data to CG RAM/DD RAM ees Writes H. DD RAM has 
1 00 1 0 0 14 0:0 #0 already been selected by 
initialization when the power 
was turned on. 
The cursor is incremented by 
one and shifted to the right. 
6 Write data to CG RAM/DD RAM fa Writes |. 
1 0 0 1 0 0 1 0 oO 1 
z 
8 Write data to CG RAM/DD RAM Writes I. 
10017001001 
Entry mode set Sets mode to shift display at 
| 0 0 0 0 0 0 0 14 1 = 1 = the time of write. 
10 Write data to CG RAM/DD RAM TACH Writes a space. 
1 0 0 O 1 0 0 0 0 QO = 
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Table 12 8-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset (cont) 





Step Instruction 

No. RS R/W DB, DB, DB, DB, DB, DB, DB, DB, Display Operation 

11. Write data to CG RAM/DD RAM Writes M. 

12 : 

13. Write data to CG RAM/DD RAM Writes O. 

14 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 0 * *  LMICROKO | to the lett. 

15 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 14 0 0 * *#* to the left. 

16 Write data to CG RAM/DD RAM Writes C over K. 

1 0 0 1 0 0 0 0 1 41 = The display moves to the left. 

17 Cursor or display shift Shifts the display and cursor 
0 0 0 0 0 14 14 4 #¥* * aes position to the right. 

18 Cursor or display shift Shifts the display and cursor 
0 0 0 0 0 14 0 4 #* * MENCCO: position to the right. 

19 Write data to CG RAM/DD RAM ) Writes M. 

20 : 

21 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 14 +90 = to the original position 


(address 0). 
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Table 13 4-Bit Operation, 20-Digit x 1-Line Display Example with Internal Reset 


Step - Instruction 
No. RS R/W DB, DB, DB; DB, 
1 Power supply on (the HD66702 is initialized by 


the internal reset circuit) 


2 Function set 
0 0 0 0 1 0 


3 Function set 
0 0 0 0 1 0 
0 0 0 0 * 


* 


4 Display on/off control 
0 0 0 0 0 
0 0 1 1 1 


5 Entry mode set 
0 0 0 0 0 90 
0 0 0 1 14 =O 


Oo Oo 


6 Write data to CG RAM/DD RAM 


1 0 O 14 O 0O 
1 O 1 0 0 90 


Display 


ead 
Paces 


Coa 


Note: The control is the same as for 8-bit operation beyond step #6. 
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Operation 
Initialized. No display. 


Sets to 4-bit operation. 

In this case, operation is 
handled as 8 bits by initializa- 
tion, and only this instruction 
completes with one write. 


Sets 4-bit operation and selects 
1-line display and 5 x 7 dot 
character font. 4-bit operation 
starts from this step and 
resetting is necessary. 
(Number of display lines and 
character fonts cannot be 
changed after step #3.) 


Turns on dispiay and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. 
The cursor is incremented by 
one and shifts to the right. 
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| Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example with Internal Reset 


Stop 
No. 


1 


Instruction 


RS R/WDB, DB, DB, DB, DB, DB, DB, DBy Display 


Power supply on (the HD66702 is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 1 1 1 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 90 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Write data to CG RAM/DD RAM 
1 0 O 14 0 0 1 


Set DD RAM address 
0 Oo 1 1 0 OO 0O 


0 * * 
1 1 =O 
1 1 #O 
0 oO 0 
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Operation 
initialized. No display. 


Sets to 8-bit operation and 
selects 2-line display and 
5 x 7 dot character font. 


Turns on display and cursor. 


All display is in space mode 


because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. The cursor is 
incremented by one and shifted 
to the right. 


Writes |. 


Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 
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Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example with Internal Reset (cont) 





Step Instruction 
No. RS R/W DB, DB, DB, DB, DB, DB, DB, DB, Display Operation 
9 Write data to CG RAM/DD RAM THITACH| | Writes M. 
100% 00% 1041 
10 
11 baa - a iia: ea a Writes O. 
MICROCO _ 
12 Entry mode set Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 the time of write. 
13 Write data to CG RAM/DD RAM Writes M. Display is shifted to 
1 0.6 06—O 1 0 0 1 1 0 1 the right. The first and second 
= lines both shift at the same time. 
14 ; 
15 Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 14 +90 MIGROCOM to the original position 


(address 0). 
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Initializing by Instruction 


If the power supply conditions for correctly Refer to figures 33 and 34 for the procedures on 
operating the internal reset circuit are not met, §8-bit and 4-bit initializations, respectively. 
initialization by instructions becomes necessary. 


Power on 


Wait for more than 15 ms Wait for more than 40 ms 
after Voc rises to 4.5 V after Voc rises to 2.7 V 


°8 
3 

S) 
a 


DBs DBs DB, DB; DB2 DB; DBo BF cannot be checked before this instruction. 
1 1 * 


0 eS Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


DBs DB; DB, DB; DB, DB; DBp BF cannot be checked before this instruction. 
1 


0 1 * * © # Function set (Interface is 8 bits long.) 


Wait for more than 100 ps 


DBs DBs DB, DB3 DB2 DB; DBy BF cannot be checked before this instruction. 


Oo 1 4 * * * & Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 


Function set (Interface is 8 bits long. Specify the 
number of display lines and character font.) 

The number of display lines and character font 
cannot be changed after this point. 


o% 
of 
Solo o8 
© 
P 
© 
P 
O 
o 
| 
2 
oO 
- 
oO 
oO 

* 9 


Display off 


o1o 
o;o 
aloO;o!|o 
ojo;o| — 
o;o|—| az 
=—|OoO}O/; TN 
O}O]| * 
Ni |o 


Display clear 


o 
So 
o 
= 
Oo 


Entry mode set 


initialization ends 


Note: * Since the internal reset does not function correctly at 3 V, the HD66702 must be initialized by instructions. 





Figure 33 8-Bit Interface 
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Power on 


Wait for more than 15 ms Wait for more than 40 ms 
after Voc rises to 4.5 V after Veg rises to 2.7 V 


DB. DB; DB, ~ BF cannot be checked before this instruction 
Oo 1 1 


D 


o8 
o3 
P 


oO 


Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


BF cannot be checked before this instruction. 


Function set (interface is 8 bits long.) 


Wait for more than 100 ps 


RW DB, DB, DBs DB, BF cannot be checked before this instruction. 
0 0 0 1 1 


Function set (Interface is 8 bits long.) 


o% 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 


Function set (Set interface to be 4 bits long.) 
Interface is 8 bits in length. 


oojo ojog 
oolod 
Oo 

ie 

oO 

Aad 

Oo 

PP 

O 

& 


Function set (Interface is 4 bits long. Specify the 
number of display lines and character font.) 

The number of display lines and character font 
cannot be changed after this point. 


Display off 


oO1o © 

Oo o|o © 
Oo O/0O Oj] O/2 oO; oO 
=~ O10 O1]O O|1T1 oO] Oo 
OO O/0O OF] * +] = 
” of- 92/0 OO] * OO] SO 


Oo 
oo 
= 
Oo 


Display clear 


Initialization ends Entry mode set 


Note: * Since the internal reset does not function correctly at 3 V, the HD66702 must be initialized by instructions. 





Figure 34 4-Bit Interface 
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[Low voltage version] 


Absolute Maximum Ratings* 
item Symbol Unit Value Notes 


Power supply voltage (1) Voc V —0.3 to +7.0 1 
Power supply voltage (2) Voc-Vs V —0.3 to +7.0 2 
Input voltage V: V -0.3 to Voc +0.3 1 
Operating temperature Topr °C ~-20 to +75 3 
Storage temperature Tstg °C ~55 to +125 4 


Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LS! will malfunction and 
cause poor reliability. 





DC Characteristics (Vcc = 2.7 to 5.5 V, Tg = —20 to +75°C*3) 


item Symbol Min Typ Max Unit Test Condition Notes* 

Input high voltage (1) Ving, 0.7Veco — Vec V 6,17 

(except OSC,) 

Input low voltage (1) Ving -0.3 — 055 #=V | 6,17 

(except OSC,) 

Input high voltage (2) Vaio 0.7Ve¢o — Vec V 15 

(OSC,) | 

Input low voltage (2) Vito _ _ 0.2Vec =V 15 

(OSC,) 

Output high voltage (1) Voy, 0.75Veo — — V —loy = 0.1 mA 7 

(Do-D7) 

Output low voltage (1) Voi; _ —_ 0.2Vcec ~V lo, = 0.1 mA 7 

(Do-D7) 

Output high voltage (2) Vone 0.8Voc — — V —lox = 0.04 mA 8 

(except Do—D7) 

Output low voltage (2) Vo >. _— _ 0.2Vec V lo, = 0.04 mA 8 

(except Do-D7) 

Driver on resistance Room — _ 20 kQ +tld = 0.05 mA (COM) 13 

(COM) 

Driveronresistance Ropgq— — 30 kQ tld=0.05mA(SEG) 13 

(SEG) 

Input leakage current =|, —1 — 1 HA Vin =O0to Voc 9 

Pull-up MOS current -—-Ip 10 50 120 tA Voo#=3V 

(RS, R/W) 

Power supply current Icc _ 0.15 0.30 mA  R; oscillation, 10, 14 

external clock 

| Vec = 3V, fosc = 270 kHz 

LCD voltage — Viepi 3.0 _ 7.0 V Vec—-Vs, 1/5 bias 16 
Vicp2 3.0 _ 7.0 V Vec—Vs, 1/4 bias 16 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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AC Characteristics (Vcc = 3 V 10%, T, =-20 to +75°C*5) 


Clock Characteristics 


Item | Symbol Min Typ Max Unit Test Condition Notes* 
External Externalclock frequency —fop 125 270 410 kHz 11 
clock pes Race eg gee 2 Pm een gee eee ae ee 
operation External clock duty Duty 45 50 55 %o 

External clock rise time trop _-_ 02 us 

External clock fall time ticp — — 0.2 us | 
Ry Clock oscillation frequency fosc 220 320 +420 =kHz Ry=56kQ 12 
oscillation | 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 


Bus Timing Characteristics 


Write Operation . 
Item Symbol Min | Typ Max Unit Test Condition 
Enable cycle time toyck 1000 — —_ ns Figure 35 
Enable pulse width (high level) PWey 450 — — 

Enable rise/fall time te, ter — — 25 

Address set-up time (RS, RW to E) tas 40 — — 

Address hold time | ta 20 — — 

Data set-up time tosw 195 — —_ 

Data hold time ty 10 — — 

Read Operation | 

item a _ Symbol Min Typ Max Unit | Test Condition 
Enable cycle time toycE 1000 — — ns Figure 36 


Enable pulse width (high level) PWeny 450 — — 
Enable rise/fall time ter, tes — — 25 


Address set-up time (RS, RAW to E) tas 40 _ — 
Address hold time tay 20 ~~ — 
Data delay time topr aa a 350 


Data holdtime — ~ tonR: 20 — — 
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Interface Timing Characteristics with External Driver 


Item Symbol Min Typ Max Unit. Test Condition 


Clock pulse width High level towH 800 _— _ ns Figure 37 
Low level tow. 800 — — 

Clock set-up time tosu 500 — — 

Data set-up time tsu 300 — — 

Data hold time tou 300 _ — 

M delay time tom -1000 — 1000 — 

Clock rise/fall time tet —_ — 200 


Power Supply Conditions Using Internal Reset Circuit 


item Symbol Min Typ Max Unit =‘ Test Condition 


Power supply rise time | toc 0.1 _ 10 ms Figure 38 
Power supply off time torr 1 — ae 


[Standard voltage version] 


Absolute Maximum Ratings* 


item Symbol . Unit Value | Note 
Power supply voltage (1) Vec V -—0.3 to +7.0 


{ 
Power supply voltage (2) Vec-Vs V —0.3 to +7.0 2 
Input voltage | Vi V —0.3 to Voc +0.3 1 

Operating temperature ——— Topr °C —20 to +75 3 
Storage temperature T stg °C —55 to +125 4 


Note: Ifthe LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. Refer to the Electrical Characteristics Notes section following these tables. 
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DC Characteristics (Vcc = 5 V 410%, T, = -20 to +75°C*3) 


Item Symbol Min Typ Max Unit Test Condition Notes* 
Input high voltage (1) Vin 2.2 — Voc V 6, 17 
(except OSC,) | 

Input low voitage (1) 9 Vi, 03 — 06 #V 6, 17 
(except OSC,) 

Input high voltage (2) = Viryo Vec-1.0 — Vec V | 15 
(OSC,) 

Input low voltage (2) Vito _ — 1.0 V 15 
(OSC,) | 
Output high voltage (1) Von, 2.4 — — V —loy = 0.205 mA 7 
(Do-D7) : 

Output low voltage (1) Vo; — — 04 V lo, = 1.6 mA 7 
(Do-D7) 


< 


Output high voltage (2) Vone 0.9Vco — _ 
(except Do—D7) | 
Output low voltage (2) Vos — — 0.1 Veo V lo, = 0.04 mA 8 
(except Do-D7) 


—lon = 0.04 mA 8 


+id=0.05mA(COM) 13 


Driver on resistance Room _— _ 20 kQ 

(COM) 

Driver on resistance Rsec — _ 30 kQ2 tid = 0.05 mA (SEG) 13 
(SEG) | : 

Input leakage current =|, 1 — 1 wA Vn=0toVeo ~~ 9 
Pull-up MOS current = -I, 50 125 250 pA Veco =5V 

(RS, R/W) | 

Power supply current = Ioc —_ 0.35 0.60 mA  R, oscillation, 10, 14 


external clock 
Vec =5V, fosc = 270 kHz 


LCD voltage Vicp1 3.0 _— 7.0 V Vec-Vs, 1/5 bias 16 
Vicp2 3.0 = 7.0 | V Vec-Vs, /4bias . 16 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 


AC Characteristics (Vcc = 5 V 410%, T, = —20 to +75°C*3) 


Clock Characteristics 


Item | Symbol Min Typ Max Unit Test Condition Notes* 
External Externalclock frequency —_fcp 125 270 410 kHz 11 
CICK External clock duty Duty 45 50 55 % mh 
operation 7 
External clock rise time trep —_ — 0.2 us 11 
External clock fall time tcp — %— O02 us | 11 
R; Clock oscillation frequency fosco 220 320 420 kHz R,=68kQ 12 
oscillation 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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Bus Timing Characteristics 





Write Operation 
item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycE 1000 — —_ ns Figure 35 
Enable pulse width (high level) PWep 450 — _— 
Enable rise/fall time te,, ter —_ — 25 
Address set-up time (RS, RAW to E) tas 40 — — 
Address hold time taH 10 — — 
Data set-up time tosw 195 _ — 
_ Data hold time ty 10 — — 
Read Operation 
Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycE 1000 — — ns Figure 36 
Enable pulse width (high level) PWen 450 — — 
Enable rise/fall time te,, ter _ _ 25 
Address set-up time (RS, RW to E) tas 40 _ — 
Address hold time tan 10 — — 
Data delay time toor _ —_ 320 
Data hold time tour 20 — — 


Interface Timing Characteristics with External Driver 


Item Symbol Min Typ Max Unit Test Condition 
Clock pulse width High level towH 800 — — ns Figure 37 
Low level towL ~ 800 — _— 
Clock set-up time tosu 500 — — 
Data set-up time tsu 300 — — 
Data hold time tou 300 _ _ 
M delay time tom -1000 — 1000 
Clock rise/fall time tet _ — 100 


Power Supply Conditions Using Internal Reset Circuit 


_ item Symbol Min Typ Max Unit Test Condition 


Power supply rise time toc 0.1 — 10 ms Figure 38 
Power supply off time torr 1 cee ae 
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Electrical Characteristics Notes 

1. All voltage values are referred to GND = 0 V. 

2. Vec2 Vi 2 V2 2 V3 2 V4 2 Vs must be maintained. 

3. For die products, specified up to 75°C. 

4. For die products, specified by the die shipment specification. 
5 


The following four circuits are I/O pin configurations except for liquid crystal display output. 





Input pin | Output pin 
Pin: E (MOS without pull-up) Pins: RS, R/W (MOS with pull-up) Pins: CL,, Clo, M, D 
Vec Veco Voc Vec 
PMOS PMOS PMOS 
(pull up MOS) | 
NMOS NMOS NMOS 
V/O Pin 
- Pins: DB,—DB, Voc 
(MOS with pull-up) 
(pull-up MOS) 


Input enable 


— Gale data 
C 


(output circuit) 
(tristate) 
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Applies to input pins and I/O pins, excluding the OSC, pin. 
Applies to I/O pins. 


Applies to output pins. 


ee SN 


Current flowing through pull-up MOSs, excluding output drive MOSs. | 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 

level must be fixed high or low. 


11. Applies only to external clock operation. 





Th Tl 
[orator }_fose, 

0.7 Voc 

0.5V 

Open —— OSC, 0.3 Voc 
trop ttep 
Th 
SS oe 1 0% 
Doyo 


12. Applies only to the internal oscillator operation using oscillation resistor Ry. 


Osc Ry: 56kQ+ 2% (when Vcc =3 V) 
: Ry: 68kQ+4 2% (when Voc = 5 V) 


Since the oscillation frequency varies depending on the OSC, and 
Osc OSC, pin capacitance, the wiring length to these pins should be minimized. 
2 


Ry 


fose (kHz) 
fosgc (KHz) 





50 (8) 400 150 
Ry (kQ) 
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13. Rcom is the resistance between the power supply pins (Vcc, V}, V4, Vs) and each common 
signal pin (COM, to COMjg). 


Roxg is the resistance between the power supply pins (Vcc, V2,'V3, V5) and each segment signal pin 
(SEG, to SEG 99). 


14. The following graphs show the relationship between operation frequency and current consumption. 


Veco = 5V 


1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 


log (mA) 





0 100 200 
fosc or foo (KHz) fosc or fo, (kHz) 
15. Applies to the OSC, pin. 


16. Each COM and SEG output voltage is within +0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5) 
when there is no load. | 


17. | The TEST pin should be fixed to GND and the EXT pin should be fixed to Vcc or GND. 
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Load Circuits 
Data Bus DBy to DB, 
Voc = 5 V 
For Voc = 5 V For Voc = 3 V 
2.4kQ 
Test Test 
point point Oo | 
90 pF 11kQ 1S2074 50 pF 
diodes @) 
Segment Extension Signals 
Test 
point o | 


30 pF 
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Timing Characteristics 


DBoy to DB, ‘ Viv Valid data Vind a 





Figure 35 Write Operation 


Vout Vout 
DBo to DB 7" Vout vole cate Vou XK 





Figure 36 Read Operation 
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| VoL2 
tcwH | 


x es tCWH 


eer ae 
VoL2 


tsu 





Figure 37 Interface Timing with External Driver 


2.7 W/4.5 V2 


0.1 MS Strep $10 Ms . torr 21 ms 


Notes: 1. tore compensates for the power oscillation period caused by momentary power 
supply oscillations. 
2. Specified at 4.5 V for 5-V operation, and at 2.7 V for 3-V operation. 
3. When the above condition cannot be satisfied, the internal reset circuit 
will not operate normally. 
In this case, the LSI must be initialized by software. (Refer to the Initializing 
by Instruction section.) 





Figure 38 Internal Power Supply Reset 
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HD66710 (LCD-II/F8)—__— 
(Dot Matrix Liquid Crystal Display 


Controller/Driver) 


Description 


~ The LCD-II/F8 (HD66710) dot-matrix liquid 
crystal display controller and driver LSI displays 
alphanumerics, numbers, and symbols. It can be 
configured to drive a dot-matrix liquid crystal 
display under the control of a 4- or 8-bit 
microprocessor. Since all the functions such as 
display RAM, character generator, and liquid 
crystal driver, required for driving a dot-matrix 
liquid crystal display are internally provided on 
one chip, a minimum system can be interfaced 
with this controller/driver. 


A single LCD-II/F8 is capable of displaying a 
single16-character line, two 16-character lines, or 
up to four 8-character lines. 


The LCD-II/F8 software is upwardly compatible 
with the LCDIT (HD44780) which allows the user 
to easily replace an LCD-II with an HD66710. In 
addition, the HD66710 is equipped with functions 
such as segment displays for icon marks, a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. The HD66710 character 
generator ROM is extended to generate 240 5 x 8 
dot characters. 


The low voltage version (2.7 V) of the HD66710, 
combined with a low power mode, is suitable for 
any portable battery-driven product requiring low 
power dissipation. 


Features 


¢ 5x8 dot matrix possible 


e Low power operation support: 
— 2.7Vto5.5 V (low voltage) 


— Preliminary — 


Booster for liquid crystal voltage 

— Two/three times (13 V max.) 

Wide range of liquid crystal display driver 

voltage 

— 30Vt0o13V 

Extension driver interface 

High-speed MPU bus interface 

(2 MHz at 5-V operation) 

4-bit or 8-bit MPU interface capability 

80 x 8-bit display RAM (80 characters max.) 

9,600-bit character generator ROM 

—— 240 characters (5 x 8 dot) 

64 x 8-bit character generator RAM 

— 8 characters (5 x 8 dot) 

8 x 8-bit segment RAM 

— 40Q-segment icon mark 

33-common xX 40-segment liquid crystal 

display driver 

Programmable duty cycle 

(See list 1) 

Wide range of instruction functions: 

— Functions compatible with LCD-II: 
Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

— Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character width control, white-black 
inverting blinking cursor. | 

Software upwardly compatible with HD44780. 

Automatic reset circuit that initializes the 

controller/driver after power on 

Internal oscillator with an external resistor 

Low power consumption 
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List 1 Programmable Duty Cycles 


Number of Displayed 
Lines Duty Ratio Character 
1 1/17 5 x 8-dot 
2 1/33 5 x 8-dot 
4 1/33 5 x 8-dot 


Ordering Information 


HD66710 


Maximum Number of Displayed Characters 


Single-chip Operation 


One 16-character 
line + 40 segments 


Two 16-character 
lines + 40 segments 


Four 8-character 
lines + 40 segments 


Type No. Package 
HD66710***FS 100-pin plastic QFP (FP-100A) 
HCD66710*** Chip 


Note: *** = ROM code No. 


HITACHI 


With Extention Driver 


One 50-character 
line + 40 segments 


Two 30-character 
lines + 40 segments 


- Four 20-character 


lines + 40 segments 
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LCD-II Family Comparison 











| LCD-Il LCD-IiI/E20 LCD-II/F8 
Item | (HD44780U) (HD66702) (HD66710) 
Power supply voltage 2.7V to5.5V 5V+t10% 2.7 V to 5.5 V 
| (standard) 
2.7V to5.5V 
(low voltage) 

Liquid crystal drive 3.0 Vto 11 V 3.0 V to 7.0 V 3.0 V to 13.0 V 
voltage Vicp | | 
Maximum display 8 characters 20 characters 16 characters x 2 lines/ | 
digits per chip x 2 lines x 2 lines 8 characters x 4 lines 
Segment display None None 40 segments 
Display duty cycle 1/8, 1/11, and 1/16 1/8, 1/11, and 1/16 1/17 and 1/33 
CGROM 9,920 bits 7,200 bits 9,600 bits 

(208: 5 x 8 dot (160: 5 x 7 dot (240: 5 x 8 dot 

characters and characters and characters) 

32:5 x 10 dot 32:5 x 10 dot 

characters) characters) | 
CGRAM 64 bytes 64 bytes 64 bytes 
DDRAM 80 bytes 80 bytes 80 bytes 
SEGRAM None None 8 bytes 
Segment signals 40 100 40 
Common signals 16 16 33 
Liquid crystal drive waveform A B B 
Bleeder resistor for LCD External External External 
power supply (adjustable) (adjustable) (adjustable) 
Clock source External resistor, External resistor or External resistor or 


R; oscillation frequency 
(frame frequency) 


R; resistance 


Liquid crystal voltage 
booster circuit 


336 


or external clock 


270 kHz 30% 

(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


91 kQ (5-V operation) 
75 kQ (3-V operation) 


None 


external clock 


320 kHz +30% 

(70 to 130 Hz for 1/8 
and 1/16 duty cycles; 
51 to 95 Hz for 1/11 
duty cycle) 


68 kQ (5-V operation) 
56 kQ (3-V operation) 


None 
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external clock 


270 kHz +30% 

(56 to 103 Hz for 1/17 
duty cycle; _ 

57 to 106 Hz for 1/33 
duty cycle) 


91 kQ (5-V operation) 
75 kQ (3-V operation) 


2-3 times step-up circuit 
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LCD-II Family Comparison (cont) 





LCD-Il LCD-II/E20 LCD-Iil/F8 
Item (HD44780U) (HD66702) (HD66710) 
Extention driver Independent Independent Used in common with a 
control signal control signal control signal driver output pin 
Instructions LCD-II (HD44780) Fully compatible with Upper compatible with 
the LCD-II the LCD-II 
Number of displayed 1or2 1or2 1,2,or4 
lines | 
Low power mode None None Available 
Horizontal scroll Character unit Character unit Dot unit 
CPU bus timing 2 MHz (5-V operation) 1 MHz 2 MHz (5-V operation) 
1 MHz (3-V operation) 1 MHz (3-V operation) 
Package | QFP 1420-80 LOFP2020-144 QFP1420-100 
80-pin bare chip 144-pin bare chip 100-pin bare chip 
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HD66710 Block Diagram 








OSc1 OSC2 EXT 


Reset circuit | ora | 
ACL 
Timing generator 



























Instruction register Instruction 
(1A) decoder 
COM1~— 
Display data RAM COM33 
(DD RAM) 33-bit ommon 
80 x 8 bits shift signal 
iste: Griver 
sae be 
| 7 
RS 
RW 
. | SEG1- 
SEG36 
87 _ latch Segment 
Sere register Circuk sig n al SEG37/CL1 
(DR) driver | SEG3@/CL2 
DB3—DBO SEG39/D 
Busy 7 SEG40/M 
~ aaa 
Character Character Cursor and LCD drive 
bling voltage 
(CGRAM) (CGROM) controller selector 
Veil 64 bytes 9,600 bytes 
o) Booster 
c2 
VSOUT2 
VSQUT3 Parallel/serial 
converter 
and attribute circuit 
{N 
Vee 


GND 7 


vi v2 V3 V4 VS 
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HD66710 Pin Arrangement 





SEG37/CL1 

SEG38/CL2 
SEG39/D 
SEG40/M 


COM9 LCD-II/F8 


COM32 |__| 30 
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HD66710 
HD66710 Pad Arrangement 


Chip size (XxY): 5.63 mm x 6.06 mm 
Coordinate : Pad center 

Origin : Chip center 

Pad size (XxY) : 100 um x 100 ym 


1 100 81 80 


7 O OOOOOOOOOOOOOOOOOO OO 


Type code 


x 
O 
O 
QO 
O 
O 
C 
O 
O 
C 
O 
O 
CO 
C 
O 
O 
C 
O 
O 
O 
CO 
O 
O 
O 
CO 
C 
O 
a 


NOOoOoOooOoOoOoOoOoOoOoOoOoOoOoOooOooo0o000n 


1 O OOOOOOOOOOOOOOOO0O0O OO Ot 





30 31 xX — $0 51 
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HD66710 Pad Location Coordinates 








Pin No Pad Name xX Y Pin No. Pad Name X Y 
1 SEG27 2495 2910 51 V4 2458 —2910 
2 SEG28 —2695 2730 52 V5 2660 2731 
3 SEG29 -2695 2499 53 V5OUT3 2660 ~2500 
4 SEG30 -—2695 2300 54 V50UT2 2660 ~2300 
5 SEG31 —2695 2100 55 GND 2640 -2090 
6 SEG32 2695 1901 56 C1 2650 -1887 
7 SEG33 —2695 1698 ‘57 C2 2675 ~—1702 
8 SEG34 —2695 1498 58 Voi 2675 ~1502 
9 SEG35 2695 1295 59 OSC1 2675 -—1303 
10 SEG36 —2695 1099 60 OSC2 2675 -—1103 
11 SEG37 —2695 900 61 RS 2675 -900 
12 SEG38 ~2695 700 62 R/W 2675 -701 
13 SEG39 ~2695 501 63 E 2675 501 
14 — SEG40 ~2695 301 64. DBO 2675 —302 
15 COM9 2695 98 65 DB1 2675 ~99 
16 COM10 —2695 -113 6 DB2 2675 98 
17 COM11  ~2695 302 67 DB3 2675 301 
18 COM12 —2695 —501 68 —DB4 2675 501 
19 COM13 —2695 -701 69 DB5 2675 700 
20 COM14 —2695 —900 70 DB6 2675 900 
21 COM15 2695 —1100 71 DB7 2675 1099 
22 COM16 | —2695 —1303 72 EXT 2675 1299 
23 COM25 —2695 —1502 73 TEST 2675 1502 
24 COM26 —2695 -1702 74 Voc 2695 1698 
25 COM27 2695 —1901 75 SEG1 2695 1901 
26 COM28 —2695 -2101 76 SEG2 2695 2104 
27 COM29 2695 —2300 77 SEG3 2695 2300 
28 COM30 ~2695 -2500 78 SEG4 2695 2503 
29 COM31 —2695 -2731 79 SEG5 2695 2730 
30 COM32 —2495 ~2910 80 SEG6 2495 2910 
31 COM24 ~2051 2910 81 SEG7 2049 2910 
32 COM23 —1701 ~2910 82 SEG8 1699 2910 
33 COM22 —1498 —2910 83 SEG9 1499 2910 
34 COM21 -1302 —2910 84 SEG10 1300 2910 
35 COM20 ~1102 ~2910 85 SEG11 1100 2910 
36 COM19 —899 -2910 86 SEG12 901 2910 
37 COM18 —700 ~2910 87 SEG13. 701 2910 
38 COM17 -~500  -2910 88 SEG14 502 2910 
39 COM8 —301 ~2910 89 SEG15 299 2910 
40 COM7 ~101 -—2910 90 SEG16 99 2910 
41 COM6 | 99 —2910 91 SEG17 ~101 2910 
42 COMS5 302 ~2910 92 SEG18 ~301 2910 
43 COM4 502 -—2910 93 SEG19 -500 2910 
44 COM3 698 -2910 94 SEG20 -700 2910. 
45 COM2 887 —2910 95 SEG21 —899 2910 
46 COM1 1077 ~2910 96 SEG22 -1099 2910 
47 COM33 1266 -—2910 97 SEG23 —1302 2910 
(48 v1 1488 ~2910 98 SEG24 —1501 2910 
49 v2 1710 -—2910 99 SEG25 -1701 2910 


50 V3 2063 -2910 —- 100 SEG26 —2051 2910 
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Pin Functions 


Table 1 Pin Functional Description 


Signal | 
RS 


E 
DB4 to DB7 


DBO to DBS 


COM1 to COM33 


_SEG1 to SEG35 
SEG36 


SEG37/CL1 
SEG38/CL2 


SEG39/D 


SEG40/M 


EXT 


V1 to V5 


342 


vO 


VO 


VO 


Device 
interfaced with 


MPU 


MPU 


MPU 
MPU 


MPU 


LCD 


LCD 


LCD 


LCD/ 
Extension driver 


LCD/ 
Extension driver 


LCD/ 
Extension driver 


LCD/ 


Extension driver | 


Power supply 


Function 


Selects registers. 
0: Instruction register (for write) 

Busy flag: address counter (for read) 
1: Data register (for write and read) 


Selects read or write. 
0: Write 
1: Read 


Starts data read/write 


Four high order bidirectional tristate data bus pins. Used 
for data transfer between the MPU and the HD66710. 
DB7 can be used as a busy flag. 


Four low order bidirectional tristate data bus pins. Used — 
for data transfer between the MPU and the HD66710. 
These pins are not used during 4-bit operation. — 


Common signals; those are not used become non- 
selected waveforms. At 1/17 duty rate, COM1 to 
COM16 are used for character display, COM17 for icon 
display, and COM18 to COM33 become non-selected 
waveforms. At 1/33 duty rate, COM1 to COM32 are 
used for character display, and COM33 for icon display. 


Segment signals 


Segment signal. When EXT = high, the same data as 
that of the first dot of the extension driver is output. 


Segment signal when EXT = low. When EXT = high, 
outputs the extension driver latch pulse. | 


Segment signal when EXT = low. When EXT = high, 
outputs the extension driver shift clock. 


Segment signal at EXT = low. At EXT = high, the 
extension driver data. Data on and after the 36th 
dot is output. 


Segment signal when EXT = low. When EXT = high, 
outputs the extension driver AC signal. 


Extension driver enable signal. When EXT = high, 
SEG37 to SEG40 become extension driver interface 
signals. At this time, make sure that V5 level is lower 
than GND level (0 V). V5 (low) < GND (high). 


Power supply for LCD drive 
Voc -~V5=13V (max) 
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Table 1 Pin Functional Description (cont) 


Signal 
Vec, GND 
OSC1, OSC2 


Vei 


VSOUT2 


V50UT3 
C1/C2 


TEST 


vo 


Device 
interfaced with 


Power supply 


Oscillation 
resistor 
clock | 


V5 pin/ 


Booster 
capacitance 


V5 pin 


Booster 
capacitance 


HD66710 


Function 
Voc: +2.7 V to 5.5 V, GND: 0 V 


When CR oscillation is performed, a resistor must 
be connected externally. When the pin input is an 
external clock, it must be input to OSC1. 


Input voltage to the booster, from which the liquid crystal 
display drive voltage is generated. 
Vei: 2.5 V to 4.5 V 


Voltage input to the Vci pin is boosted twice and output 
When the voltage is boosted three times, the same 
capacity as that of C1—C2 should be connected. 


Voltage input to the Vci pin is boosted three times and 
output. 


External capacitance should be connected when using 
the booster. 


Test pin. Should be wired to ground. 
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Function Description 
Registers 


The HD66710 has two 8-bit registers, an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
IR, and cannot be read from. 


The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage when reading data from DD RAM, 
CG RAM, or SEG RAM. When address infor- 
mation is written into the IR, data is read and then 
stored into the DR from DD RAM, CG RAM, or 
SEG RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEGRAM at the next address 
is sent to the DR for the next read from the MPU. 


Table 2 Register Selection 


By the register selector (RS) signal, these two 
registers can be selected (table 2). 


Busy Flag (BF) 


When the busy flag is 1, the HD66710 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table 2), the busy flag is output from DB7. The 
next instruction must be written after ensuring that 
the busy flag is 0. 


Address Counter (AC) 


The address counter (AC) assigns addresses to 
DD RAM, CG RAM, or SEG RAM. When an 
address of an instruction is written into the IR, the 
address information is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 


After writing into (reading from) DD RAM, 
CG RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBg to DBg when 
RS = 0 and R/W = 1 (table 2). 


RS R/W Operation | | 

0 0 IR write as an internal operation (display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DBy to DBg) | 

1 0 DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM) 
4 1 





DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR) 
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Display Data RAM (DD RAM) When the display shift operation is 
performed, the DD RAM address shifts. 

Display data RAM (DD RAM) stores display data See figure 3. 

represented in 8-bit character codes. Its.capacity is 

80 x 8 bits, or 80 characters. The area in display — Case 2: Figure 4 shows the case where the 

data RAM (DD RAM) that is not used for display EXT pin is fixed high, and the HD66710 

can be used as general data RAM. See figure 1 for and the 40-output extension driver are used 

the relationships between DD RAM addresses and to extend the number of display characters. 

positions on the liquid crystal display. In this case, the start address from COM9 
to COM16 of the LCD-II/F8 is OAH. 

The DD RAM address (App) is set in the address To display 24 characters, addresses starting 

counter (AC) as hexadecimal. at SEG11 should be used. 

¢  1-line display (N = 0) (figure 2) When a display shift operation is 
performed, the DD RAM address shifts. 





— Case 1: When there are fewer than 80 

display characters, the display begins at the 

_ head position. For example, if using only 

the HD66710, 16 characters are displayed. 
See figure 3. 


See figure 4. 


High order Low order 


}~+—— bits —»=|«——— bits ———+ Example: DD RAM address 4E 


(hexadecimal) foto} rtrfsto 


Figure 1 DD RAM Address 





Display position 
(digit) 1 


2 3 4 5 79 ~=680 
adaross 00] 01 | 02] 03] 04 | ---sssvsvsissss | ae] aF 


(hexadecimal) 





Figure 2 1-Line Display 
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3456/7 8 9 101112131415 16 <@———— Display position 


coms 00 feof loll] [a [afalefoleleke Comoe 1 


“tA. pram address 


234567 8 9Q 101112131415 16 


COM! to 8 oo oc ion 0901/08] 0c |o0}oe | oF | 10 COM9 to 16 (Lett shift display) 
COM! to 8 4£| 0001 [02 03] 04} 08 06 107}.08 | 08 08 | 08] aco0 | o& COM to 16 (Right shift display) 





Figure 3 1-line by 16-Character Display Example 


567 89101112 1314151617 18192021222324 «§——— Display position 


COMI to 8 SOCogoS 2728] 29}o4]09} [2cloo] oe or sofas | 129] 1418] 1] 7 ee COMO to 16 
“*~— ppram address 


LCD-II/F8 Extension LCD-II/F8 Extension 
SEG1 to 35 driver (1) SEG11 to 35 driver (1) 
Seg1 to 25 (SEG1 to 10: skip) Seg! to 35 


4567 8 9101112 1314151617 18192021222324 


COM 1 to 8 aieeialeale 08] 08/0} 08] 00| | o€ | oF 10] 15 12] 13] 14[15] 16] 17] 10 COM9 to 16 (Left shift display) 
COM1 to 8 ar] 0] [2] 0] 04] os }06{ 07] 08 {o9|0a} 0B |oc|o0|oe oF el 10] 11|12113| 14] 18] 16 bm COMB to 16 (Right shift display) 





Figure 4 1-line by 24-Character Display Example 
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¢ 2-line display (N = 1, and NW = 0) line are not consecutive. For example, the 

case is shown in figure 6 where 16 x 2-line 

— Case 1: The first line is displayed from display is performed using the HD66710. 

COM1 to COM16, and the second line is When a display shift operation is 

displayed from COM17 to COM32. Care is performed, the DD RAM address shifts. 
required because the end address of the See figure 5. 


first line and the start address of the second 


1234567 8 9101112131415 16 <q Display position 
1 


COM1 to 8 400/01 02] 03] 04 | 05 [06 }09}0A|08 0c] 00] 0 |oF be COMB to 16 
COM17 to 24 40] 41/42] 43] 44] 45] 46 |47| |48|40]4a]48|4c|40|4e|4F em COM25 to 32 


Bi ee DDRAM address 


COMI to 8 —Jo1 22} 0304] 05s] 07] 0| [02/0400] 0c|an}oc]or| 1o/-— COME to 16 (Left shitt display) 





os 
COM17 to 24 41] 42] 43] 44 45] 46] 47] 48 49] 44] 48] 4c] 40] 4€ | 4F| 50] COM25 to 32 


come lel] PEEEEERE} com 16 jaan in denay 
COM17 to 24 67] 40|41} 42] 49] 44 45] 48 /47|48| 49] 4a|48|4c|40|4e b= COM25 to 32 





Figure 5 2-line by 16-Character Display Example 
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— Case 2: Figure 6 shows the case where the HD66710 is 4AH. To display 24 char- 
EXT pin is fixed to high, the HD66710 and | acters, the addresses starting at SEG11 
the 40-output extension driver are used to should be used. 


extend the number of display characters. 

When a display shift operation is per- 
In this case, the start address from COM9 formed, the DD RAM address shifts. See 
to COM16 of the HD66710 is OAH, and figure 6. 
that from COM25 to COM32 of the 


4567 89101112 1314151617 18192021222324 ~«———- Display position 


COM1 
aoe” BOCggG CORE gg R OG On OG cea ae 


LCD-II/F8 Extension LCD-IIV/F8 Extension 
SEG1 to SEG35_—s driver (1) SEG11 to SEG35 _ driver (1) 
| Seg1 to Seg25 (SEG1 toSEG10: Seg1 to Seg35 
skip) 


234567 89101112 1314151617 18192021 222324 


COM1 

cm Gain as nfo fonos|ee] [ofee|or]eofe fee] refe ie come ie araeea 
t 

ees in lo aC CED ICCC SD ev 


core” -EPPEEEEEPEEE) SEPEETTEEEETY i” cain epay 
COM feel fell Hoole) [belle Hel || [e]ap Somes 





Figure 6 2-Line by 24 Character Display Example 
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e 4-line display (NW = 1) 


— Case 1: The first line is displayed from 
COMI to COM8, the second line is 
displayed from COM9 to COM16, the 
third line is displayed from COM17 to 
COM724, and the fourth line is displayed 
from COM25 to COM32. Care is required 


HD66710 


because the DD RAM addresses of each 
line are not consecutive. For example, the 
case 1s shown in figure 7 where 8 x 4-line 
display is performed using the HD66710. 


When a display shift operation is 
performed, the DD RAM address shifts. 
See figure 7. | 


123 45 6 7 8 ~#—— Display position 


COM to 8 01] 02 oa] 04} 05 | 06] 07 ~~ 


COMS to 16 


COM17 to 24 | 40| 41] 42] 49] 44] 45|46] 47] <—— 
COMES to 32 [eo] ee] es] ea e]eo]or] 


12345678 


COM1 to 8 01] 02] 03] o4| 05] 06] 07 08 
COMB to 16 | 21] 22} 23] 24] 25| 26} 27| 20 


ie ae 
one 34 a] oa] a] 7] (Left shift display) 


COM25 to 32 |61/ 62| 63] ¢4] 65] 66] 67] 68 


GEGEEE 


—_— 


DDRAM address 


123456 7 8 


20 21220] 242s 
(Right shift display) 
Slelalelals 
BRBIGRRGE 





Figure 7 4-Line Display 


~ 
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— Case 2: The case is shown in figure where When a display shift operation is 
the EXT pin is fixed high, and the performed, the DD RAM address shifts. 
HD66710 and the 40-output extension See figure 8. 
driver are used to extend the number of 


display characters. 


1234567 8 91011121314151617181920 ——— Display position 


GOMt to Gem co} ote] os] oo} of oo} 0] on}no} one] or] s0} 3} 258] 
COMS to 16mm a0} |2z|20}04]s0| 20) 7] 0}25/04)e0|2¢|eo|ae|ar| aoe] a 23] ts rene 


COM 7 to 245m) 12] «a |] |e oa fc | 40 oo s0| | 9 ee 
COM25 to 32m] 1] 5] 4] | fe] 06 e4}60 oc eo eer] 70] | 772 


LCD-II/F8 Extension driver (1) Extension driver (2) 


1234567 8 9 101112131415 1617181920 1234567 8 9 1011121314151617181920 


He Ee i ka le al eee ee eee ee Cee 
+222] 2] 2] 27] 2] 2] 2] 02°20 2a [504] se] 20] 292] 2] 2] 2] 2] 2] =f 7] 00 |24| 202020] 26 ooo] 1] 
[oot] aaa 2054] 5] 0} [5] sa anaes on 7 on [aa ||] 
co ose fae|a7 ceo ec}sor| 01] e750] [vcs oo] veo ecco] oo] |v 


(Display shift left) (Display shift right). 





Figure 8 4-Line by 20-Character Display Example 
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Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 8 dot 
character patterns from 8-bit character codes 
(table 3). It can generate 240 5 x 8 dot character 
patterns. User-defined character patterns are also 
available using a mask-programmed ROM. 


Character Generator RAM (CG RAM) 


The character generator RAM allows the user to 
redefine the character patterns. In the case of 5 x 8 
characters, up to eight may be redefined. 


Write the character codes at the addresses shown | 


as the left column of table 3 to show the character 
patterns stored in CG RAM. 


See table 5 for the relationship between CG RAM 
addresses and data and display patterns. 


Segment RAM (SEG RAM) 


The segment RAM (SEG RAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 


_ For a 1-line display, SEG RAM is read from the 
COM17 output, and as for 2- or 4-line displays, it 
is from the COM33 output, to performs 
40-segment display. 


As shown in table 6, bits in SEG RAM 
corresponding to segments to be displayed are 
directly set by the MPU, regardless of the contents 
of DD RAM and CG RAM. 


HD66710 


SEG RAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 


Modifying Character Patterns 
¢ Character pattern development procedure 


The following operations correspond to the 
numbers listed in figure 9: 


1. Determine the correspondence between 
character codes and character patterns. 


2. Create a listing indicating the correspondence 


between EPROM addresses and data. 


3. Program the character patterns into an 
EPROM. 


4. Send the EPROM to Hitachi. 


5. Computer processing of the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


6. If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI will proceed at Hitachi. 
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Hitachi User 


Determine 
character patterns 


® 
Create EPROM @ 

® 

@: 







Computer 


processing 






Create character © 


pattern listing 






address data listing 











Evaluate 
character 
patterns 


Yes 


ese 
[LT 
[se 
Sample 
© 
a at 
Yes 
Mass 
production 


Note: For a description of the numbers used in this figure, refer to the preceding page. 


Write EPROM 









EPROM -— Hitachi 








Figure 9 Character Pattern Development Procedure 
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Table 3 Correspondence between Character Codes and Character Patterns (Hitachi standard 
HD66710) 


BETS] 000 | 0001 | oo10 |0011 |0100| o101 | 0110] 0111 | 1000 | 1001 | 1010 1011 | 1100] 1101 | 1410] 1114 | 
oes) | | Gla IET | | [lle ieee 


ote | | AlGala| | Ie PiFle[Sle 
oowlo | |" BIBIRIBIFL | 14 llele 
eonle | (HSICISIelS) | ST elele 
reoolo | ($410 Tidlt | Ls TIFFs 
ecole | [SSE (Melu! | | AlFisi 
owe) SGI MIF | SihicSlas 
eon | [rials] | Slain 
met | OSIRIA] | Lala ir Be 
ofa DST] | et Jnb El 
rene | [RE elde | | onl 
heowfe | FSIRICK || lfEOF in 
reel | Ts MILER | [rE 
ewote | [= IMIm | | lalele 
eel] Le SINT In 2) lel 
ewe! [P(e] | bulvle 151m 


Note: The user can specify any pattern in the character-generator RAM. 
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¢ Programming character patterns — Character patterns 
This section explains the correspondence EPROM address data and character pattern 
between addresses and data used to program data correspond with each other to form a 
character patterns in EPROM. The HD66710 5 x 8 dot character pattern (table 4). 
character generator ROM can generate 240 
5 X 8 dot character patterns. 


Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(5 x 8 dots) | 


i] 
‘ 
t 
' 
i] 
’ 
4 
( 
' 
i] 
i 
t 
1 
t 
) 
t 
‘ 
' 
4 
‘ 
' 
' 
i] 
i] 
‘ 
' 
1 
UJ 
. 


0 
0 
0 
0 
0 
0 
0 
0 


—~ —§ © OO —-+ = OC OO 
-~ CO —=—4 OO =~ CO =— CO 





Character code “0” Line position 


Notes: 1. EPROM addresses A,, to A, correspond to a character code. | 

2. EPROM addresses Ap to Ao specify a line position of the character pattern. EPROM address 
A3 should be set to 0. | 

3. EPROM data O, to Op correspond to character pattern data. 

4. Area which are lit (indicated by shading) are stored as 1, and unlit are as 0. 

5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line 
is used for a cursor, this data should all be set to zero. 

6. EPROM data bits O7 to Os are invalid. 0 should be written in all bits. 
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— Handling unused character patterns i. When unused character patterns are not 

programmed: If an unused character code 

1. EPROM data outside the character is written into DD RAM, all its dots are lit, 

pattern area: This is ignored by the because the EPROM is filled with 1s after 
character generator ROM for display it is erased. | 


operation so any data is acceptable. 
li. When unused character patterns are 


2. EPROM data in CG RAM area: Always programmed as 0s: Nothing is displayed 
fill with zeros. (EPROM addresses 00H to even if unused character codes are written 
FFH.) | into DD RAM. (This is equivalent to a 

space.) 


3. Treatment of unused user patterns in the 
HD66710 EPROM: According to the user 
application, these are handled in either of 
two ways: 





Table 5 Example of Correspondence between Character Code and Character Pattern (5 x 8 dots) 
in CGRAM 


| a) When character pattern in 5 x 8 dots 


Character code (DDRAM data) CGRAM address MSB CGRAM data LSB 
D7 De Ds Da Ds D2 Di Do} As Aa Az: A2 At Aol O7 O6 Os 04 O3 O2 O1 Oo 
* 0 0 


0000 * 0 0 0 0 















|, ae Character 
ee : pattern 
(1) 
0 0 0 
00 1 
0 1 0 
0 1 1 Character 
1 0 O pattern 
10 1 (8) 
1 1 =O 
1 #1 #4 
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Table 5 Example of Correspondence between Character Code and Character Pattern (5 x 8 dots) 
in CGRAM (cont) | | 





b) When character pattern is 6 x 8 dots 


_ Character code (DDRAM data) CGRAM address MSB CGRAM data LSB 
D7 De Ds Da Ds De Di Do} As A4 Az: A2 At Aoj O7 O6 Os 04 Os O2 O1 Oo 
as im O 0g 


0000 * 0 0 0 0 
















0 
ae ae Character 
0 pattern 


(1) 






Character 
pattern 


(8) 


—~—-==—==3= 0000 
“~-—_O0O- 4~00 
=O" O~ 0O =~ Oo 





ooo qo oo oo 





Notes: 1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types). 

2. CGRAM address bits 0 to 2 designate the character pattern line position. The 8th line is the 
cursor position and its display is formed by a logical OR with the cursor. 

3. The character data is stored with the rightmost character element in bit 0, as shown in table 5. 
Characters with 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters with 6 dots in 
width (FW = 1) are stored in bits 0 to 5. 

4. When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. 
Bit 3 of the character code is invalid (*). Therefore, for example, the character codes 00 
(hexadecimal) and 08 (hexadecimal) correspond to the same CGRAM address. 

5. Aset bit in the CGRAM data corresponds to display selection, and 0 to non-selection. 

6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is 

| controlled using the upper two bits (bits 7 and 6) in CGRAM. 

When bit 7 is 1, of the lower six bits, only those which are set are blinked onthe display. 
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern can 
be blinked as for a 6-dot font width. 


* Indicates no effect. 


se | HITACHI 





HD66710 


Table 6 Relationships between SEGRAM Addresses and Display Patterns 


SEGRAM SEGRAM data 
address a) 5-dot font width b) 6-dot font width 


| Az At Ao| D7 De Ds Ds Ds De Di Do| D7 De Ds Ds Ds D2 Di Do 
* 


2 
0 B1 Bo $1 S2 S3 $4.S5 Bo Si S2 S3 S4 S5 S6é 


B1 BO * S6 S7 S8 S9 Si0| B1 BO S7 S8 S9S10S11S12 


sew EB NEON RDO ENE EDO enwennaamoenwneaoanwn nwa annwnenmnwnwnoewnwaneh newman ewan wren ewroenw eee eevee ene owe wenn anwraenanae 


B1 BO * $11812S13S14S15| Bi BO $13S14S15S16S17S18 


ee ee eee ee ee ee ee ee w~ocenerereennwnaenaewsoewwrowewwwon nama wee cows we 


B1 BO * $16$17S18S19S20) B1 BO S19S20S21S22S23S24 


ee Ce ee ee ee ee =a er rw new ern wen ewww annem awe wmwa awe wn 


B1 BO * $21S22S23S24S25| Bi BO S25S26S27S28S29S30 


B1 BO * $26S$27S28S29S30| B1 BO $31S32S33S34S$35 S36 


Bi BO * $31S32S33S34S35| B1 BO S37S38S39S40S41 S42 


Ce ee Ce de ee ee Oe eee ee eee ee ee ee ee ee ee’ 


Bi BO * $36S37S38S39S40 BO S43S44S45 S46 S47S48 
eee Ne ee ee ey 
Blinking control Pattern on/off Blinking contro! Pattern on/off 
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sy 
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om, 





awk 





Notes: 1. Data set to SEGRAM is output when COM17 is selected, as for a 1-line display, and output 
when COMS3 is selected, as for a 2-line or a 4-line display. 

2. $1 to S48 are pin numbers of the segment output driver. 

S1 is positioned to the left of the monitor. 
$37 to S48 are extension driver outputs for a 6-dot character width. 

3. After S40 output at 5-dot font and S48 output at 6-dot font, S1 output is repeated again. 

4. As for a 5-dot font width, lower five bits (D4 to DO) are display on.off information of each 
segment. For a 6-dot character width, the lower six bits (D5 to DO) are the display information 
for each segment. 

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in SEGRAM. 

When bit 7 is 1, only a bit set to "1" of the lower six bits is blinked on the display. 
When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 
pattern can be blinked as for 6-dot font width. 

6. Bit 5 (D5) is invalid for a 5-dot font width. 

7. Set bits in the CGRAM data correspond to display selection, and zeros to non-selection. 
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i) 5-dot font width (FW = 0) 


Cr ae 
GUUNUNdP I 
annnnntt 


4 
TTS 


i¢ 


satin 


nlf 


(3) 
sunnentbea 


ii) 6-dot font width (FW = 1) 


aS 
nnnnnnny@ 


a 


<< Extension driver >> 





Figure 10 Relationships between SEGRAM Data and Display 
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Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such as 
DD RAM, CG ROM, CG RAM, and SEGRAM. 
RAM read timing for display and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, there will be no _ undesirable 
interferences, such as flickering, in areas other 
than the display area. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
33 common signal drivers and 40 segment signal 
drivers. When the character font and number of 
lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal drivers 
continue to output non-selection waveforms. 


Character pattern data is sent serially through a 


HD66710 


40-bit shift register and latched when all needed 
data has arrived. The latched data then enables the 
driver to generate drive waveform outputs. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66710 drives from the head display. 


Cursor/Blink Control Circuit 


The cursor/blink (or white-black inversion) control 
is used to produce a cursor or a flashing area on 
the display at a position corresponding to the 
location in stored in the address counter (AC). 


For example (figure 11), when the address counter 
is O8H, a cursor is displayed at a position 
corresponding to DDRAM address 08H. 
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AC6 ACS AC4 AC3 AC2 AC1 ACO 


og CU ES ES 


For a 1-line display 
Display position 


DD RAM address 
(hexadecimal) 


For a 2-line display 
Display position 


DD RAM address 
(hexadecimal) 


Cursor position 


Note: Even if the address counter (AC) points to an address in the character generator RAM (CGRAM) or 
segment RAM (SEGRAMW), cursor/blink black-white inversion will still occur, although it will produce 
meaningless results. 





Figure 11 Cursor/Blink Display Example 
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Interfacing to the MPU 


The HD66710 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


¢ For 4-bit interface data, only four bus lines 
(DB, to DB7) are used for transfer. Bus lines 
DBo to DBg are disabled. The data transfer 
between the HD66710 and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transfered before 
the four low order bits (for 8-bit operation, 
DBo to DB3). 


The busy flag must be checked (one instruction) 
after the 4-bit data has been transferred twice. 
Two more 4-bit operations then transfer the 
busy flag and address counter data. 


e For 8-bit interface data, all eight bus lines 
(DBg to DB7) are used. 


Reset Function | 
Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD66710 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 15 ms after Vcc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 


Instruction register (IR) | 
rite 





re 


Busy flag (BF) and | 
dress counter (AC) 


HD66710 


1. Display clear 


2. Function set: 

DL = 1; 8-bit interface data 

N = 0; 1-line display 

RE = 0: Extension register write disable 
3. Display on/off control: 

D = 0; Display off 

C = 0; Cursor off 

B = 0; Blinking off 

BE = 0: CGRAM/SEGRAM blinking off 

LP = 0: Not in low power mode 


4. Entry mode set: 
I/D = 1; Increment by 1 
S = 0; No shift 


5. Extension function set 
FW = 0; 5-dot character width 
B/W = 0; Normal cursor (eighth line) 
NW = 0; 1- or 2-line display (depending on N) 
6. SEGRAM address set 
HDS = 000; No scroll 
Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66710. For such a case, initial- 
ization must be performed by the MPU as 
explained in the section, Initializing by 
Instruction. 


Data register (DR) 
read 


. Figure 12 4-Bit Transfer Example 
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Instructions 
Outline 


Only the instruction register (IR) and the data 
register (DR) of the HD66710 can be controlled by 
the MPU. Before starting internal operation of the 
HD66710, control information is temporarily 
stored in these registers to allow interfacing with 
_ various MPUs, which operate at different speeds, 
or various peripheral control devices. The internal 
operation of the HD66710 is determined by 
signals sent from the MPU. These signals, which 
include register selection (RS), read/write (R/W), 
and the data bus (DBO to DB7), make up the 
HD66710 instructions (table 7). There are four 
categories of instructions that: 


¢ Designate HD66710 functions, such as display 
format, data length, etc. 


e Set internal RAM addresses 
¢ Perform data transfer with internal RAM 
¢ Perform miscellaneous functions 


Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66710 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 7) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 


Because the busy flag is set to 1 while an 
instruction is being executed, check it to make 
sure it is 0 before sending another instruction from 
the MPU. 


Note: Be sure the HD66710 is not in the busy 
state (BF = 1) before sending an instruction 
from the MPU to the HD66710. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 7 for the list of each instruc- 
tion execution time. 
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Table 7 Instructions 


Execution Time 


te ees 5S (max) (when f., or 
Instruction RS R/W DB, DB, DB; DB, DB, DB, DB, DB, Description fosc Is 270 kHz) 
Clear 0 0 0 0 0 0 0 0 0 1 Clears entire display and 1.52ms 
display sets DD RAM address 0 
in address counter. 
Return 0 0 0 0 0 0 0 90 1 — Sets DD RAM addressO 1.52ms 
home in address counter. Also 
returns display from being 
shifted to original position. 
DD RAM contents remain 
unchanged. 
Entry 0 0 0 0 0 0 0 1 VD S$ Sets cursor move direction 37 ps 
mode set and specifies display shift. 
These operations are 
performed during data 





write and read. 
Display 0 0 0 0 0 0 1 D C 8B Sets entire display (D) 37 ps 


‘on/off on/off, cursor on/off (C), 

control and blinking of cursor 

(RE =0) position character (B). 

Extension O 0 0 0 0 0 1 FW B/W NW Sets a font width, a black- 37 ps 
function white inverting cursor (B/W), 

set (RE = 1) a 6-dot font width (FW), and 

| a 4-line display (NW). 

Cursoror O O08 0 OO 0O 1 s/c RL —- — Moves cursor and shifts 37 ps 
display display without changing 

shift DD RAM contents. 

Function 0 0 O Oo 1 DL N RE — — _ Setsinterface datalength 37 ps 
set | (DL), number of display 

(RE =0) lines (N), and extension 

register write enable (RE)). 


(RE = 1) 0 0 oO 0 1 DL N RE BE LP Sets CGRAWSEGRAM 37 ps 
blinking enable (BE), and 


low power mode (LP). 
LP is available when the 
EXT pin is low. 
Set 0 oO O 1 Aca Aca Aca Aca Acq Acq Sets CG RAM address. 37 ps 
CGRAM CG RAM data is sent and 
address received after this setting. 
(RE =0) 
Set DDRAM 0 0 1 App App App App App App App Sets DD RAM address. 37 ps 
address DD RAM data is sent and 
(RE = 0) received after this setting. 
_ Set 0 oO 1 HDS HDS HDS *— ASG ASG ASG Sets SEGRAM address. 37 us 
SEGRAM DDRAM data is sent and 
address received after this setting. 
(RE = 1) Also sets a horizontal dot 


scroll quantity (HDS). 
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Table 7 Instructions (cont) 


Execution Time 


Be se 8 a oe (max) (when fcp or 
instruction RS R/W DB, DB, DB; DB, DB, DB, DB, DBy Description fosc Is 270 kHz) 
Read busy 0 1 BF AC AC AC AC AC AC AC __ Reads busy flag (BF) Ops 
flag & indicating internal 
address operation is being 

performed and reads 
| address counter contents. 
Writedata 1 0 Write data Writes data into DD RAM, 37 ps 
to RAM CG RAM, or SEGRAM. tapp = 5.5 ps* 
(RE = 0/1) To write data to DD RAM 
CG RAM, clear RE to 0; 
or to write data to SEG 
RAM, set RE to 1. 
Read data 1 1 Read data Reads data from DD RAM, 37 ps 
from RAM CG RAM, or SEGRAM. tapp = 55 ps* 
(RE = 0/1) To read data from DD 
RAM or CG RAM, clear 
RE to 0; to read data from 
SEG RAM, set RE to 1. 

1D =1: Increment DD RAM: Display data 

/(D =0: Decrement RAM 

S  =1: Accompanies display shift CG RAM: Character 

D  =1: Display on generator RAM 

C =1: Cursoron SEGRAM: Segment RAM 

B  =1: Blinkon 

FW =1: 6-dot font width 

B/W = 1: Black-white inverting cursor on 

NW =1: Four lines 

NW =0: One or two lines 

S/C =1: Display shift Acq: CG RAM address 

S/C =0: Cursor move | 

R/L =1: Shift to the right App: DD RAM address 

R/L =0: Shift to the left (corresponds to 

DL =1: 8bits, DL=0: 4 bits cursor address) 

N =1: 2lines, N=0: 1 line ASEG: Segment RAM 

RE =1: Extension register access enable address 

BE =1: CGRAM/SEGRAM blinking enable HDS: Horizontal dot scroll 

LP =1: Low power mode quantity 

BF =1: Internally operating AC: Address counter 

BF =0: Instructions acceptable used for both DD, CG, 

and SEG RAM 
addresses. 





Notes: 1. 
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— indicates no effect. 

* After execution of the CG RAM/DD RAM/SEGRAM data write or read instruction, the RAM address counter 
is incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 13, tapp is the time elapsed after the busy flag turns off until the address counter is updated. 


Extension time changes as frequency changes. For example, when f is 300 kHz, the execution time is: 37 ps 
x 270/300 = 33 ps. 


Execution time in a low power mode (LP = 1 & EXT = low) becomes four times as long as for a 1-line mode, 
and twice as long as for a 2- or 4-line mode. 
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Busy state ~«—— Busy state 


(DB, pin) 


Address counter 
(DB, to DBg pins) 


=a_—_—_—_———— mm 
taDD 


Note: tapp depends on the operation frequency 
tapp = 1.5/(fcp or fosc ) seconds 





Figure 13 Address Counter Update 
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Instruction Description 
Clear Display 


Clear display writes space code (20)H (character 
pattern for character code (20)H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (ancrement mode) in entry mode. 
S of entry mode does not change. It resets the 
extended register enable bit (RE) to 0 in function 
set. 


Return Home 


Return home sets-DD RAM address 0 into the 
address counter, and returns the display to its 
original status if it was shifted. The DD RAM 
contents do not change. 


The cursor or blinking go to the left edge of the 
display (in the first line if 2 lines are displayed). It 
resets the extended register enable bit (RE) to 0 in 
function set. 


Entry Mode Set 


I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to writing and 
reading of CG RAM and SEG RAM. 


S: Shifts the entire display either to the right 
(I/D = 0) or to the left (I/D = 1) when S is 1 during 
DD RAM write. The display does not shift if S is 
0. 


If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM and SEG RAM 
does not shift the display. In a low power mode 


(LP = 1), do not set S = 1 because the whole 


display does not normally shift. 


Display On/Off Control 


When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 


D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in 
DD RAM, but can be displayed instantly by 
setting D to 1. 


C: The cursor is displayed when C is 1 and not 
displayed when C is Q. Even if the cursor 
disappears, the function of I/D or other 
specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font. 


B: The character indicated by the cursor blinks 
when B is 1 (figure 14). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 370-ms intervals when op 
or fosc is 270 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to fosc or the 
reciprocal of f.,. For example, when f,, is 
300 kHz, 370 x 270/300 = 333 ms.) 


Extended Function Set 


When the extended register enable bit (RE) is 1, 
FW, B/W, and NW bit shown below are accessed. 
Once these registers are accessed, the set values 
are held even if the RE bit is set to zero. 


FW: When FW is 1, each displayed. character is 
controlled with a 6-dot width. The user font in 
CG RAM is displayed with a 6-bit character width 
from bits 5 to 0. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed with a 5-bit character width. 
If the FW bit is changed, data in DD RAM and 
CG RAM SEG RAM is destroyed. Therefore, set 
FW before data is written to RAM. When font 
width is set to 6 dots, the frame frequency 
decreases to 5/6 compared to 5-dot time. See 
“Oscillator Circuit” for details. 
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B/W: When B/W is 1, the character at the cursor NW: When NW is 1, 4-line display is performed. 
position is cyclically displayed with black-white At this time, bit N in the function set register is 
invertion. At this time, bits C and B in display “Don’tcare”. 

on/off control register are “Don’t care”. When fcp 

or fosc is 270 kHz, display is changed by 

switching every 370 ms. 





| Alternating 
i display 


iii) White-black inverting 
display example 





Figure 14 Cursor Blink Width Control 


i) 5-dot character width _ ii) 6-dot character width 





Figure 15 Character Width Control 
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Cursor or Display Shift 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 8). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character of the line. Note that, 
all line displays will shift at the same time. 
When the displayed data is shifted repeatedly each 
_ line moves only horizontally. The second line 
display does not shift into the first line position. 


These instruction reset the extended register 
enable bit (RE) to 0 in function set. 


The address counter (AC) contents will not change 
if the only action performed is a display shift. 


Table8 Shift Function 


sic RIL 
0 0 
0 1 
1 0 
1 1 


In low power mode (LP = 1), whole-display shift 
cannot be normally performed. 


Function Set 


Only when the extended register enable bit (RE) is 
1, the BE bit shown below can be accessed. Bits . 
DL and N can be accessed regardless of RE. 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBo) when 
DL is 1, and in 4-bit lengths (DB7 to DB,) when 
DL is 0. 


When 4-bit length is selected, data must be sent or 


received twice. 


Shifts the cursor position to the left. (AC is decremented by one.) 

Shifts the cursor position to the right. (AC is incremented by one.) 
Shifts the entire display to the left. The cursor follows the display shift. 
Shifts the entire display to the right. The cursor follows the display shift. 
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N: When bit NW in the extended function set is 0, 
a 1- or a 2-line display is set. When N is 0, 1-line 
display is selected; when N is 1, 2-line display is 
selected. When NW is 1, a 4-line display is set. At 
this time, N is “Don’t care”. 


RE: When the RE bit is 1, bit BE and LP in the 
extended function set registe, the SEGRAM 
address set register, and the extended function set 
register can be accessed. When bit RE is 0, the 
registers described above cannot be accessed, and 
the data in these registers is held. 


To maintain compatibility with the HD44780, the 
RE bit should be fixed to 0. 


Clear display, return home and cursor or display 
shift instruction a reset the RE bit to 0. 


BE: When the RE bit is 1, this bit can be 
rewritten. When this bit is 1, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked according to the upper two bits of 
CGRAM and SEGRAM. 


LP: When the RE bit is 1, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 


Table9 Display Line Set 


No. of 

Display | Character Duty 
N NW Lines Font Factor 
0 0 1 5 x 8 dots 1/17 
1 0 2 5 x 8 dots 1/33 
* 1 4 5 x 8 dots 1/33 


Note: * Indicates don’t care. 
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(without an extended driver), the HD66710 
operates in low power mode. In 1-line display 
mode, the HD66710 operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, 
the HD66710 operates on a 2-division clock. 
According to these operations, instruction 
execution takes four times or twice as long. 
Notice that in a low power mode, display shift 
cannot be performed. 


Note: Perform the DL, N, NW, FW functions at 
the head of the program before executing 
any instructions (except for the read busy 
flag and address instruction). From this 
point, if bit N, NW, or FW is changed after 
other instructions are executed, RAM 
contents may be lost. 


Set CG RAM Address 


A CG RAM address can be set while the RE bit is 
cleared to 0. Set CG RAM address sets the 
CG RAM address binary AAAAAA into the 
address counter. | 


Data is then written to or read from the MPU for 
CG RAM. 


Maximum Number of Characters/ 
1 Line with Extended Drivers 


50 characters 
30 characters 


20 characters 
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Set DD RAM Address 


Set DD RAM address sets the DD RAM address 
binary AAAAAAA into the address counter while 
the RE bit is cleared to 0. 


‘Data is then written to or read from the MPU for 
DD RAM. 


However, when N and NW is 0 (1-line display), 
AAAAAAA can be 00H to 4FH. When N is 1 and 
NW is 0 (2-line display), AAAAAAA is (00)H to 
(27)H for the first line, and (40)H to (67)H for the 
second line. When NW is 1 (4-line display), 
AAAAAAA is (00)H to (13)H for the first line, 
(20)H to (33)H for the second line, (40)H to (53)H 
for the third line, and (60)H to (73)H for the fourth 
line. | 


¢ 


Set SEGRAM Address 


Only when the extended register enable bit (RE) is 
1, HS2 to HSO and the SEGRAM address can be 
set. 


The SEGRAM address in the binary form AAA is 
set to the address counter. SEGRAM can then be 
written to or read from by the MPU. 


Table 10 HS2 to HSO Settings 


Description 


HS2 HS1 4HSO 
| No shift 


=a|=I|-=|lolololo 
=l|olo|—=!|-|olo 


or 1 No shift. 


Note: When performing a horizontal scroll is 


described above by connecting an extended 
driver, the maximum number of characters 
per line decreases by one. In other words, 
49 characters, 29 characters, and 19 
characters are displayed in 1-line, 2-line, 
and 4-line modes, respectively. Notice that 
in low power mode (LP = 1), the display 
shift and scroll cannot be performed. 


Read Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by all CG, DD, and 
SEGRAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CG RAM, DD RAM, and 
SEGRAM address set instructions. 


Shift the display position to the left by one dot. 
Shift the display position to the left by two dots. 


Shift the display position to the left by four dots. 


0 

1 

0 

1 Shift the display position to the left by three dots. 
0 

1 Shift the display position to the left by five dots. 
0 
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RS R/W DB, DB, DB, DB, DB; DB, DB, DB, 


Sen pefefoloje}ojo 
display 


RS RW DB, DB, DB, DB, DB; DB, DB, DB, 


Teele LeeLee Ls] ] momen 


RS R/W DB, DBe DBs DB, DB, DB, DB; DBy 


Entry 
ce a efefefofojefol{: {wis 


RS R/W DB, DBs; DB, DB, DB, DB DB, DB, 


Display C 
on/off control 


RS R/W DB, DB, DB; DB, DB, DB, DB, DB, 





Extended RE = 1 
camitte a'[eTo[o[o[o [os [rwlewfuw 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


Cursor or : : 
seit om [oo To [Lo] + [ee]m = [=] sew: -temane 


RS RW DB, DB, DB, DB, DB; DB, DB, DB 


vont one [oT eT o[o]s [ou] m [re foe] raw seas 
can be rewritten 


oa while RE = 1. 
RS R/W DB, DB, DB, DB, DB, DB, DB, DBy 


Set CG 
RAM address 


Highest Lowest 
order bit order bit 





Figure 16 Character Width Control 
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RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


Set DDRAM 
address 


Highest | Lowest 
order bit order bit 


RS R/W DB, DB, DB DB, DB, DB, DB, DB, 


sasccnam —RE=1 | o fo | 1 [us] Hs/ Hs) + | A | A | A 
address . 


RS R/W DB, DB, DB, DB, DB; DB, DB, DBy 


Read busy flag 
and address 


Highest Lowest 
order bit order bit 





Figure 16 Character Width Control (cont) 
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Write Data to CG, DD, or SEG RAM 


This instruction writes 8-bit binary data 
DDDDDDDD to CG, DD or SEGRAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address set instruction; if the RE bit is set, 
SEG RAM is selected. After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 


Read Data from CG, DD, or SEG RAM 


This instruction reads 8-bit binary data 
DDDDDDDD from CG, DD, or SEG RAM. If the 
RE bit is cleared, CG or DD RAM is selected, as 
determined by the previous specification of the 
address set instruction; if the RE bit is set, 
SEG RAM is selected. If no address is specified, 
the first data read will be invalid. When executing 
serial read instructions, the next address is 
normally read from the next address. An address 


HD66710 


set instruction need not be executed just before 
this read instruction when shifting the cursor by a 
cursor shift instruction (when reading from 
DD RAM). A cursor shift instruction is the same 
as a set DD RAM address instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 


Note: The address counter (AC) is automatically 
incremented or decremented after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 
read out at this time even if read 
instructions are executed. Therefore, to read 
data correctly, execute either an address set 
instruction or a cursor shift instruction (only 
with DD RAM), or alternatively, execute a 
preliminary read instruction to ensure the 
address is correctly set up before accessing 
the data. 


RS R/W DB, DB, DB, DB, DB, DB, DB, DB, 


ee a od RE 


Higher Lower 
order bits order bits 


RS RW DB, DB, DBs DB, DB, DB DB, DB 


Fecddeintom 4, fs" [ 1] 1} o[o}elolejojo/o| 
CG, DD, or SEG RAM Code 


Higher Lower 
order bits order bits 





Figure 16 Character Width Control (cont) 


HITACHI | 373 








HD66710 


Interfacing the HD66710 


1) Interface to 8-Bit MPUs number of I/O port in MCU, or interfacing bus 

: } width, 4-bit interface function is useful. 
HD66710 can interface to 8-bit MPU directly with 
E clock, or to 8-bit MCU through I/O port. When 


Internal Internal operation | : 


signal 


Instruction 
write 


ve acai | Busy flag check | Busy flag check| Busy flag check 





Figure 17 Example of 8-Bit Data Transfer Timing Sequence 
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i) Connection to 8-bit MPU bus line 


HD6800 A15 HD66710 


AO 





Co E 
H8/325 HD66710 


R/AW 


DBO-DB7 


HD66710 


P10-P17 DBO-DB7 





Figure 18 8-Bit MPU Interface 
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2) Interface to 4-Bit MPUs transferred twice continuously. The DL bit in 
7 | function set selects the interface data length. 

HD66710 can interface to 4-bit MCU through I/O 

port. 4-bit data for high and low order must be 


Internal | Internal operation 3 


signal 


vor fea Lf ™\ = VL 1 [NY 


Instruction 
write 


Instruction 


write | Busy flag check | Busy flag check 





Figure 19 Example of 4-Bit Data Transfer Timing Sequence 


HMCS4019R HD66710 


D1i5 COMi-— 


S 
Dt4 W ome Connected to 


D13 the LCD 
SEGI- 


R10—R13 DB4-DB7 SEG40 





Figure 20 Interface to HMCS4019R 
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Oscillator Circuit 


¢ Relationship Between Oscillation frequency figure 22 apply only when the oscillation 
and Liquid Crystal Display Frame Frequency frequency is 270 kHz (one clock period: 
3.7 ps). 


The liquid crystal display frame frequencies of 


1) When an external clock is used = 2) When an internal oscillator is used The oscillator frequency can be 


adjusted by oscillator resistance 

(Rf). If Rfis increased or power 

supply voltage is decreased, the 

oscillator frequency decreases. 

OSC2 The recommended oscillator 
resistor is as follows. 


HD66710 HD66710 * Rf = 91 kQ + 2% (Voc = 5 V) 
+ Rf = 75 kQ + 2% (Voc = 3 V) 


OSC1 





Figure 21 Oscillator Circuit 


(1) 1/17 duty cycle 
200 clocks (6-dot font width: 240 clocks) 


Normal Display Mode (LP = 0) Low Power Mode (LP = 1) 
tem 5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width 
Line selection period 200 clocks 240 clocks 50 clocks 60 clocks 
Frame frequency 79.4 Hz 66.2 Hz 79.4 Hz 66.2 Hz 


(2) 1/33 duty cycle 


100 clocks (6-dot font width: 120 clocks) 


Normal Display Mode (LP = 0) Low Power Mode (LP = 1) 


item 5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width | 
Line selection period 100 clocks 120 clocks 50 clocks 60 clocks 
Frame frequency 81.8 Hz 68.2 Hz 81.8 Hz 68.2 Hz 





Figure 22 Frame Frequency 
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Power Supply for Liquid Crystal 
Display Drive 


1) When an external power supply is used 





2) When an internal booster is used 


(Boosting twice) (Boosting three times) 


Vcc Vec 





Notes: 1. Boosted output voltage should not exceed the maximum value (13 V) of the liquid crystal power 
supply voltage. Especially, a voltage of over 4.3 V should not be input to the reference voltage 
(Vci) when boosting three times. 
2. A voltage of over 5.5 V should not be input to the reference voltage (Vci) when boosting twice. 


Table 11 Duty Factor and Power Supply for Liquid Crystal Display Drive 


item Data 

Number of Lines 1 2/4 

Duty factor | : 1/17 1/33 

Bias 1/5 1/6.7 

Divided resistance R R R 
RO R 2.7R 


Note: R changes depending on the size of liquid crystal penel. Normally, R must be 2 kQ to 10 kQ. 





Extension Driver LSI Interface 


_ By bringing the EXT pin high, segment driver pins 
(SEG37 to SEG40) functions as the extended 
driver interface outputs. From these pins, a latch 
pulse (CL1), a shift clock (CL2), data (D), and an 
AC signal (M) are output. The same data is output 
from the SEG36 pin of the HD66710 and the start 
segment pin (Seg1) of the extension driver. Due to 


HD66710 


the character baundary, the Seg! output is used for 
the 5-dot font width. For the 6-dot font width, the 
SEG36 output is used, and the Seg1 output of the 
extension driver must not be used. When the 
extension driver LSI interface is used, ground 
level (GND) must be higher than the V5 level. 


Table 12 Required Number of 40-Output Extension Driver 


Controller _ HD66710* HD44780 HD66702 
Display Line 5-Dot Width 6-Dot Width 5-Dot Width 5-Dot Width 
16 x 2 lines Not required 1 1 Not required 
20 x 2 lines 1 1 2 Not required 
24 x 2 lines 1 2 2 1 

40 x 2 lines Disabled Disabled 4 3 

12 x 4 lines 1 1 Disabled Disabled 

16 x 4 lines 2 2 Disabled: Disabled 

20 x 4 lines 2 3 Disabled Disabled 


Note: * The number of display lines can be extended to 30 x 2 lines or 20 x 4 lines. 


1) 1-chip operation 
(EXT = Low, 5-dot font width) 


EXT 


| HD66710 


SEG1- 
SEG40 


16 x 2-line display 





2) When using the extension driver 
(EXT = High, 5-dot font width) 


Extension driver 


Figure 23 HD66710 and the Extension Driver Connection 
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When using one HD66710, the start address of 
COM9-COM16/COM25-—COM33 is calculated by 
adding 8 to the start address of COM9-COM16 
COM25-COM32. When extending the address, 


Table 13 Display Start Address in Each Mode 


1-Line Mode 
Output EXT Low EXT High 
COM1-—COM8 Doo+1 Doo+1 
COM9-—COM16 DOo8s+1 DOA+1 
COM17—COM24 — — 
COM25-—COM32 — — 
COM17 Soo S00 
COM33 — — 


the start address is calculated by adding A(10) 
to COM9—COM16/COM25 to COM32. The 
relationship betweenmodes and display start 
addresses is shown below. 


Number of Lines 


2-Line Mode 4-Line Mode 
EXTLow EXTHigh EXT Low/High 
Doo+1 DOoo+1 Doo+1 
DO8+1 DOA+1 D20+1 
D40+1 D40+1 D40+1 
D48+1 D4A+1 D60+1 
Soo Soo Soo 


Notes: 1. When an EXT pin is low, the extension driver is not used; otherwise, the extension driver is 


used. 


2. D** is the start address of display data RAM (DDRAM) for each display line. 
3. S*" is the start address of segment RAM (SEGRAM). 
4. +1 following D** indicates increment or decrement at display shift. 
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a) 5-dot font width: 20 x 2-line display 


1234567 8910 11121314151617 181920 


COM1—COMS —00] 01 |2| 0804/05] 08407 08} 00] [on]os oc [oo] v¢|oF| tof 11] 12/13} COMS-COM16 
COM17—COM24 140] 41 | 42] 49] 44] 45| 40 49] 43 [4c] 40] 4€| 4F|50| 51] 52| 59 COM25-COM32 


nonsense Nene ne Nee 


HD66710 Extension HD66710 Extension 
SEG1-SEG35 __—_ driver (1) SEG1-SEG35_ driver (1) 
Segi—Seg15 Seg1—Seg15 


b) 6-dot font width: 20 x 2-line display 


123456 78910 111213141516 17181920 


coms-come flo] [oo Hl lel] [ule lef efeloeH [nef coms-comte 
com7-comas fol«[alole[ahalale|e] [aleleloleleHa[s[=[=}~ comes-comse 
ey A Se 


: \neeenccmcemeennemmmenmmne! — \eeuemnemmemmenameannn” 
HD66710 Extension HD66710 Extension 
SEG1-SEG36 driver (1) SEG1-—SEG36_ driver (1) 

Seg2—Seg25 Seg2—Seg25 
(Seg1 is (Seg! is skipped) 
skipped) 


c) 5-dot font width: 24 x 2-line display 


1234567 8 9101112 1314151617 18192021 222324 


COM1~COMB —:0|01] 22] 9{o4]os|o6}4 07|08]o8|o4| 8] Joc |oo] oe oF] oss] 12/15] 14] 15] 16] 17} COMS-COM16 
COM17—COM24 —40] 41] 42/40] 44] 4546} 7[ 46] 4944] 40],|4c [40] at [oF] sos | 52/50] 54/55] 5¢] 57> COM25-COM32 
nce! —Nemeenmeecme — Neeeceeece! Neer” 

HD66710 Extension HD66710 Extension 
SEG1-SEG35 driver (1) SEG11-SEG35 __—_ driver (1) 

, Segi-Seg15 (SEGI-SEG10 Seg1—Seg35 
are skipped) 


d) 6-dot font width: 24 x 2-line display 


123456 7 8 9101112 13141516 1718192021 222324 


COM1-COMB_—for|0|e2|o0|o| ess] 07[oe{ono]}, foc foo fo 0} ]12} 9] 4] 5] ¢]:7}= COMe-COMt6 
COM17—COM24 e041 |42| 40] 44456} «]} 0] ale} foc] oo] ee or [so] 1] 2] 5] 4] [50] s7}= COMZ5-COMS2 


HD66710 Extension HD66710 Extension Extension 
SEG1-SEG36 _—_ driver (1) SEG13-SEG36 _ driver (1) driver (2) 
Seg2-Seg37 (SEG1-SEG12 Seg2-Seg40 Segi-Seg9 
(SEG1 is are skipped) (SEG1 is 
skipped) skipped) 





Figure 24 Correspondence between the Display Position at Extension Display and 
the DDRAM Address 
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e) 5-dot font width: 20 x 4-line display 


1234567 89 1011 121314151617 181920 


COM1~COMB 0 |01}22 |e} o] 0] 0 a7 on} | on] 8] ooo fo [10112 
COMS-COM16 —j20|2'| 22] 20[24|25] a8 427] 20] 29|24]20] 0] 20|2¢|2F| 0] ore] 0], 
COMI7-COM24. 40] +1[42| 40] 44|45|40}-147| 40] 40/448 4c ao] ae [4F| so] 1] 2 
COM25-COMS2_ 901) 62,04} 65] =)-/07|60}e0|en}e0 eco] |e] v0/7s]72]70 
RS tee TEND a ee RES 


HD66710 Extension Extension 
SEG1-SEG35 driver (1) driver (2) 
Seg1—Seg40 Segi—Seg25 


f) 6-dot font width: 20 x 4-line display 7 


COM1~COMB [000+] 2} 02] o|os os] 7] ooo fo fone oF} v9 
COMS-COM16 —|20|21| 22] 20] 2] 25/252 |20|29[24|26|20 [2022 |eo|e1| ee 
COM17—COM24 —[40|+1|42|40|44| 5} 4] «7 [cco an a [aca [a [s0|51]52 
COM25-COM32—so|01|42|e5| 4] o}-0«7/os|oo oo ooo or |70 717270 


eC , DN | 

HD66710 Extension Extension Extension 

SEG1-SEG36 __—_ driver (1) driver (2) driver (3) 
Seg2-—Seg40 Segi~Seg40 Segi—Seg5 
(Seg1 is skipped) 





Figure 24 Correspondence between the Display Position at Extension Display and 
the DDRAM Address (cont) 
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Interface to Liquid Crystal Display pin, an extended register NW, and the FW bit, | 

respectively. The relationship between the EXT | 
Set the extended driver interface, the number of _ pin, register set value, and the display lines are 
display lines, and the font width with the EXT given below. 


Table 14 Relationship between EXT, Register Setting, and Display Lines 





No of No. of EXT Extended __5-DotFont_ ext Extended __S-DotFont 
Lines Charactrers Pin Driver N RE NW FW Pin_ Driver N RE NW FW Duty 
1 16 L — 0 0 O 0 H 1 0 1 O 1 1/17 
20 H 1 0 0 0 0 H 1 0 1 O 1 1/17 
24 H 1 0 0 O 0 H 2 0 1 =O 1 1/17 
2 16 L — 1 0 O 0 H 1 1 1 #O 1 1/33 
20 H 1 1 0 O 0 H 1 1 1 #O 1 1/33 
24 H 1 1 O O 0 H 2 1 1 #0 1 1/33 
4 16 H 1 * 1 =#=1 0 H 1 * 1 #1 1 1/33 
20 H 2 e A 4 0 H 2 * + 4 1 1/33 
24 H 2 a ae 0 H 3 * 1 #1 1 1/33 


Note: — means not required. 
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Example of 5-dot font width connection 


16 


Q ------------------ 


HD66710 
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b) 16 x 2-line + 40-segment display (5-dot font, 1/33 duty) 


) 


ion 


ip Operat 


Figure 25 Liquid Crystal Display and HD66710 Connections (Single-Ch 
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b) 24 x 2-line + 40-segment display (5-dot font, 1/33 duty) 


Figure 26 Liquid Crystal Display and HD66710 Connections (with the Extended Driver) 
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20 


16 a2H2FsSeenoes 


15 
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‘ 
' 
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© 


7 


1 weeawmenece 


PVsesss Leese 
S888888 85888 


COM! 


HD66710 


SEG! 


Extension SEG2 


driver 


(1) 


SEG3 
SEG4 
SEGS 


SEG1 
SEG2 
SEG3 


Extension 


Cc) 20 x 4-line + 40-segment display (5-dot font, 1/33 duty) 





Figure 26 Liquid Crystal Display and HD66710 Connections (with the Extended Driver) (cont) 
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6th and 7%h digits is not contiguous. 





Note: The DORAM address between 


a) 12 x 2-line + 36-segment display (6-dot font, 1/33 duty) 


° 
KR 
© 
© 
a 
<x 


Example of 6-dot font width connection 
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b) 20 x 2-line + 36-segment display (6-dot font, 1/33 duty) 
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Figure 27 Liquid Crystal Display and HD66710 Connections (6-Dot Font Width) 
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Instruction and Display Correspondence 
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8-bit operation, 16-digit x 1-line display with 
internal reset 


Refer to table 16 for an example of an 


16-digit x 1-line display in 8-bit operation. The 
HD66710 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation.is performed. 


4-bit operation, 16-digit x 1-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (table 16). When the power is 
turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBg to DB3 are not 
connected, a rewrite is then required. However, 
since one operation is completed in two 
accesses for 4-bit operation, a rewrite is 
needed to set the functions (see table 16). 
Thus, DB, to DB7 of the function set 
instruction is written twice. 


8-bit operation, 16-digit x 2-line display with 
internal reset 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 


Thus, if there are only 16 characters in the first 
line, the DD RAM address must be again set 
after the 16th character is completed. (See 
table 17.) | 


The display shift is performed for the first and 
second lines. If the shift is repeated, the 
display of the second line will not move to the 
first line. The same display will only shift 
within its own line for the number of times the 
shift is repeated. 


8-bit operation, 8-digit x 4-line display with 


internal reset 


The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. In this 
case, 4-line display is always performed 
regardless of the N bit setting. (Table 18.) 


In a 4-line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be set 
again after the 8th character is completed. 
Display shifts are performed on all lines 
simultaneously. 


Note: When using the internal reset, the electrical 


characteristics in the Power Supply 

Conditions Using Internal Reset Circuit 

table must be satisfied. If not, the HD66710 

must be initialized by instructions. See the 
_ section, Initializing by Instruction. 
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Table 15 8-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset 


Step Instruction 
No. RS R/AWD, Deg Ds Dy Dz Dz D, Dy Display Operation 


1 Power supply on (the HD66710 is initialized by ...-d Initialized. No display. 
the internal reset circuit) 


2 Function set C.....d Sets to 8-bit operation and 
0 0 0 0 1 14 0 0 * * selects 1-line display. 
Bit 2 must always be cleared. 


3 Display on/off control J Turns on display and cursor. 
0 0 0 0 0 0 4 4 +4 =0 Entire display is in space mode 


because of initialization. 


4 Entry mode set La Sets mode to increment the 
0 0 0 0 0 0 0 14 41 0 address by one and to shift the 


cursor to the right at the time of 
write to the RAM. 
Display is ‘not shifted. 


5 Write data to CG RAM/DD RAM Writes H. DD RAM has 
1 0 0O 141 0 0 14 0 0 #0 = already been selected by 
initialization when the power 
was turned on. 





6 Write data to CG RAM/DD RAM Ce Writes |. 
1 0 oO f 0 oO 1 0 Oo 1 

7 

8 Write data to CG RAM/DD RAM Writes I. 
1 0 oOo 1 0 Oo 1 0 Oo 1 

9 Entry mode set HITACHI Sets mode to shift display at 
0 0 0 0 0 0 0 1 1 1 [HITACHL the time of write. 

10 Write data to CG RAM/DD RAM Writes a space. 


1 0 O0O 6 41 0 0 0 0 


© 
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Table 15 8-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset (cont) 


Step Instruction 
No. RS R/W D, De D; D, D, Do D, Do Display Operation 


11. Write data to CG RAM/DD RAM Writes M. 
i600 4.6 0 1% 4 © 4 


12 


13 Write data to CG RAM/DD RAM Writes O. 
11 0 0 4 0 0 14 4 1 ~4 

14 Cursor or display shift Shifts only the cursor position 
0 0 0 0 0 1 0 06 * *  LMICROKO | 16 the toft 

15 Cursor or display shift | Shifts only the cursor position 
0 0 0 0 0 14 0 0 * * to the left. 

16 Write data to CG RAM/DD RAM Writes C over K. 
1 0 0 14 0 0 0 0 1 = The display moves to the left. 

17 Cursor or display shift Shifts the display and cursor 
0 0 0 0 0 14 14 #14 * * echo’? position to the right. 

18 Cursor or display shift [MicROco__] Shifts the display and cursor 
0 0 0 0 0 1 0 4 * * mene position to the right. 


19 Write data to CG RAM/DD RAM Writes M. 
wa a oot ¥ 4 





aah, 


owl, 


21 + Return home Returns both display and cursor 
0 0 0 0 0 0 0 0 14 #90 = to the original position 
(address 0). 
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Table 16 4-Bit Operation, 16-Digit x 1-Line Display Example with Internal Reset 


Step 
No. 


1 


instruction 


RS RIWD, De Ds Dy Ds Do D; Do Display 


Power supply on (the HD66710 is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 %4 0 = 


Function set 
0 0 O OO 1 0 - 
0 0 0 0 * + - 


Display on/off control 
0 0 0 0 0 0 = 
0 0 1 14 14 #0 = 


Entry mode set 
0 0 0 0 0 0 = 
0 0 0 1 14 0 = 


Write data to CG RAM/DD RAM 
1 0 0 1 0 o0.06hlU— 
1 0 | 0 0 o0UCU- 


et 
ar See 


ae eee 


Note: The control is the same as for 8-bit operation beyond step #6. 


HITACHI 


Operation 
initialized. No display. 


Sets to 4-bit operation. 

Clear bit 2. In this case, 
operation is handled as 8 bits 
by initialization. 


Sets 4-bit operation and selects 
1-line display. Clear bit 2. 

4-bit operation starts from 

this step. 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. 
DDRAM has already been 
selected by initialization. 
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Table 17 8-Bit Operation, 16-Digit x 2-Line Display Example with Internal Reset 


Step 
No. 


1 


w N 


-S 


a 


oO 


~ 


bee) 


392 


instruction 


RS RWD, De Ds Dy Dz Do D, Dy 
Power supply on (the HD66710 is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 1 1 1 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CG RAM/DD RAM 
1 0 Oo f 0 oO 1 


Write data to CG RAM/DD RAM 
1 O O 141 0 0 1 


Set DD RAM address 
0 oO 1 1 0 Oo O 


Display 


ES 
= 
7 
ES 

|HITACHL | 


|HITACHI | 
oo ~~ LHETAGHI 


HITACHI 


Operation 
Initialized. No display. 


Sets to 8-bit operation and 
selects 1-line display. 
Clear bit 2. 


Turns on display and cursor. 
All display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 

Display is not shifted. 


Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. 


Writes I. 


Sets RAM address so that the 
cursor is positioned at the head 
of the second line. 
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Table 17 8-Bit Operation, 16-Digit x 2-Line Display Example with Internal Reset (cont) 


Step _ Instruction 
No. RS R/WD, Deg Ds Dy Dg Dz D, Do 


9 Write data to CG RAM/DD RAM 
1 0 0 4 0 0 1 1 oO 1 


Operation 


HITACHI Writes a space. 


10 
11 ae Aa 4 faba bes eae HITACHI Writes O. 
MICROCO_ 
12 Entry mode set HITACHI Sets mode to shift display at 





0 0 0 0 0 0 0 41 1 1 the time of write. 


MICROCO_ 
13. Write data to CG RAM/DD RAM Writes M. — 


100 1 001 1 0 ITACHI 


CROCOM_ 


14 


Returns both display and cursor 
to the original position 
(address 0). 


15 Return home 


000 00 00 0 1 0 {HITACHI 


MICROCOM 


® 

= 

> 

ees @ © @ es @ ee s 4 
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Table 18 8-Bit Operation, 8-Digit x 4-Line Display Example with Internal Reset _ 


Step 
No. 


1 


instruction 
RS RWD, De Ds Dy Dz D2 D, 
Power supply on (the HD66710 is initialized by 


the internal reset circuit) 


Function set 
0 0 0 0 4 4 =O 


4-line mode set 
0 0 0 0 0 0 1 


Function set 


Clear extended register enable bit 


0 0 0 0 1 1 =O 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CGRAM/DDRAM 
1 0 0 1 0 0 1 


0 


0 


1 


1 


0 


Display 


LAL LL 


Operation 


initialized. No display. 


Sets to 8 bit operation and the 
extended register enable bit. 


Sets 4-line display. 


Clears the extended register 
enable bit. Setting the N bit is 
“don’t care”. 


Turn on display and cursor. 
Entire display is in space mode 
because of initialization. 


Set mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. Display is not 
shifted. 


Write H. DDRAM has already 
been selected by initialization 
when the power was turned on. 
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Table 18 8-Bit Operation, 8-Digit x 4-Line Display Example with Internal Reset (cont) 


Step Instruction 
No. RS R/WD, Dg Ds Dy Dz Do D; Do Display Operation 
9 Write data to CGRAM/DDRAM Write I. 
reo 0 1 00 1 0 0 4 [AACR 
ioe, 
ees 
10 Set DDRAM address Sets RAM address so that the 
0 0 1 0 141 0 0 0 0 0 cursor is positioned at the head 
eae of the second line. 
ee el 
ee 
11 Write data to CGRAM/DDRAM Write 0. 


1 0 0 0 14 4 0 0 0 0 [HITACHI 
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Initializing by Instruction 


If the power supply conditions for correctly _ initialization by instructions becomes necessary. 
operating the internal reset circuit are not met, | 


Power on 


¢ Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V) 

¢ Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vec =3 V) 


RS. RW DB; DB, DBs DB, DBs DB2 DB, DBy BF cannot be checked before this instruction. 


Or. 0) 20 Os ee es Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


RS RW DB; DB, DBs DB, DB; DB» DB, DBy BF cannot be checked before this instruction. 
1 * * 


0 0 0 0 1 pane Function set (Interface is 8 bits long.) 


Wait for more than 100 ps 


RS RW DB, DB, DB; DB, DB; DB. DB, DBy BF cannot be checked before this instruction. 


00 001 1 * * * * Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) : 


Function set. 
Display off 
Display clear 


Entry mode set 


Initialization ends 





Figure 28 8-Bit Interface 
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Power on 


¢ Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = § V) 

¢ Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vec = 3 V) 


RS RWW DB; DB, DBs DB, BF cannot be checked before this instruction. _ 
0 0 0 0 1 #1 


Function set (Interface is 8 bits long.) 
| BF cannot be checked before this instruction. 
OO: Ot Function set (Interface is 8 bits long.) 


RS RW DB; DB, DBs DB, BF cannot be checked before this instruction. 
A a Function set (Interface is 8 bits long.) 
BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 


instructions is longer than the execution instuction 
time. (See table 7.) 


Function set (4-bit mode). 


e) 
9 
& 
fs, 
&P 
s) 
£ 


Function set (4-bit mode, N specification). 


Golo o og 


Display off 


Display clear 


: 


oO 


oOo O/O O]/= O/Z Oo 
—- O10 O10 O10 O| 0 

C10 O]0O O|*# alm 
Ym Ol ODIO OO] * OO 


Entry mode set (I/D, S specification) 


° 
= 
Oo 


Initialization ends 





Figure 29 4-Bit Interface 
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Horizontal Dot Scroll 


Dot unit shifts are performed by setting the 
horizontal dot scroll bit (HDS) when the extension 
register is enabled (RE = 1). By combining this 


§-dot font width (FW = 0) 


Shift to the left by one dot 
Shift to the left by two dots 
Shift to the left by three dots 


Shift to the left by four dots 





with character unit display shift instructions, 
smooth horizontal scrolling can be performed on a 
6-dot font width display as shown below. 


6-dot font width (FW = 1) 


No shift performed 


Shift to the left by one dot 


Shift to the left by two dots 


Shift to the left by three dots 


Shift to the left by four dots 


Shift to the left by five dots 


Figure 30 Shift in 5- and 6-Dot Font Width 


(1) Method of smooth scroll to the left 


RS R/W DB7 DB6 DBS DB4 DB3 eee DBi DBO 


Enable the extension register 


Shift the whole display to the left by one dot 


Shift the whole display to the left by two dots 


Shift the whole display to the left by three dots 


Shift the whole display to the left by four dots 


Shift the whole display to the left by five dots*' 


Perform no shift 
Shift the whole display to the left by one character”? 


Notes: 1. When the font width is five (FW = 0), this step is skipped. 
2. The extended register enable bit (RE) is cleared. 





Figure 31 Smooth Scroll to the Left 
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(2) Method of smooth scroll to the right 


RS R/W DB7 DBE DB5 0B4 DBS DB2 DBi DBO 


Shift the whole display to the right by one 
character *2 


Enable the extension register 


Shift the whole display to the left by five dots*' 


Shift the whole display to the left by four dots 


Shift the whole display to the left by three dots 





Shift the whole display to the left by two dots 


Shift the whole display to the left by one dot 


Perform no shift 


Notes: 1. When the font width is five (FW = 0), this step is skipped. 
2. The extended register enable bit (RE) is cleared. 





Figure 31 Smooth Scroll to the Left (cont) 
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Low Power Mode 


When LP bit is 1 and the EXT pin is low (without 
an extended driver), the HD66710 operates in low 
power mode. In 1-line display mode, the HD66710 
operates on a 4-division clock, and in 2-line or 4-line 
display mode, it operates on 2-division clock. 


Extended register enable 


Clear horizontal scroll quantity 
HDS = “000” 


| Set a low power mode 


So, instruction execution takes four times or twice 
as long. Notice that in this mode, display shift and 
scroll cannot be performed. Clear display shift 
with the return home instruction, and the 
horizontal scroll quantity. 


me 


RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DB1 DBO 
eee 


$5 
Bes 


B 


RS R/W DB7 DB6 DBS DB4 DB3 DB2 


Note: In this operation, instruction execution time 


takes four times or twice as long. 


RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


Reset a power mode 





Figure 32 Low Power Mode Operation 
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Absolute Maximum Ratings 


Item Symbol Value Unit Notes* 
Power supply voltage (1) Voc —0.3 to +7.0 V 1 
Power supply voltage (2) Voeco-Vs —0.3 to +15.0 V 1,2 
Input voltage V; ~0.3 to Voc +0.3 V 1 
Operating temperature Topr —20 to +75 °C 3 
Storage temperature Tstg — =§5 to +125 °C 4 


Notes: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction 
and cause poor reliability. 

* Refer to the Electrical Characteristics Notes section following these tables. 


DC Characteristics (Vcc = 2.7 V to 5.5 V, T, = -20°C to +75°C*3) 


item 

Input high voltage (1) 
(except OSC,) 

Input low voltage (1) 
(except OSC,) 

Input high voltage (2) 
(OSC,) 


Input low voltage (2) 
(OSC,) 


Output high voltage (1) 
(Do-D7) 

Output low voltage (1) 
(Do-D7) 

Output high voltage (2) 
(except Do—D7) 

Output low voltage (2) 
(Do-D7) 

Driver on resistance 
(COM) 


_ Driver on resistance 
(SEG) 


V/O leakage current 


Pull-up MOS current 
(Dp—-D7, RS, R/W) 


Power supply current 


LCD voltage 


Symbol 


Vins 


Vins 


Vin2 
Vite 
Vout 
Vout 
Von2 
Vov2 
Room 
Rsec 


lo 


IST 


Vicp1 
Vicpe2 


Min 
0.7Vcc 


-0.3 
-0.3 
0.7Voc 


0.75Voc¢ 


0.8Vcc 


3.0 
3.0 


Typ 


50 


TBD 


Max Unit Test Condition 

Voc V 

0.2Vcc V 

0.6 

Voc V 

0.2Vcc V 

— V —loy = 0.1 mA 

0.2Vcc V lo. =0.1mA 

= V —loy = 0.04mA 

0.2Vcc V lon = 0.04 mA 

20 kQ +ld = 0.05 mA (COM) 

30 kQ +ld = 0.05 mA (SEG) 

1 pA Vin = 0 to Voc 

120 pA Vec =3V 

TBD mA — R,; oscillation, 
externalclock | 
Voc = 3V, fosc = 270 kHz 

13.0 V Voc-Vs, 1/5 bias 

13.0 V Vec-Vs, 1/4 bias 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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6 


15 


15 


10, 14 


16 
16 
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Booster Characteristics 


Item Symbol Min Typ Max Unit Test Condition Notes* 
Output voltage Vup2 — TBD — V Vo =4.5V,lo=0.5 mA, 18 
(VSOUT2 pin) | Tg = 25°C 

Output voltage Vup3 0 TBD — V Vy =3V,lo=0.3mA, 18 
(VSOUTS pin) : Ta = 25°C 


Input voltage Voi 2.5 — 45 V 18 
Note: * Refer to the Electrical Characteristics Notes section following these tables. 


AC Characteristics (Vcc = 2.7 V to 5.5 V, T, = -20°C to +75°C*3) 


Clock Characteristics 


Item Symbol Min Typ Max Unit Test Condition Notes* 
External External clock frequency — fp 125. 270 410 kHz 11 
clock : External clock duty Duty 45 50 55 % 
Operator 

External clock rise time trep — — 0.2 us 

External clock fall time ticp — — 0.2 us 
Ry Clock oscillation frequency fosc 190 270 350 kHz R;-=75kQ, 12 
oscillation : Vec=3V 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 
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Bus Timing Characteristics (1) (Vcc = 2.7 V to 4.5 V, T, = —20°C to +75°C*3) 





Write Operation 

Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycé 1000. — — “ns Figure 33 
Enable pulse width (high level) PWew 450 — i | 

Enable rise/fall time ter, tes — — 25 

Address set-up time (RS, RW to E) tas 60 — — 

Address hold time tay 20 — — 

Data set-up time tosw 195 — — 

Data hold time ty 10 — — 

Read Operation 

item Symbol Min Typ Max Unit Test Condition 
Enable cycle time eye 1000 — — ns Figure 34 
Enable pulse width (high level) PWey 450 — — 

Enable rise/fall time ter, tes _ ~ 25 

Address set-up time (RS, RAWto E) tas 60 _ — 

Address hold time tay 20 — — 

Data delay time topr —_ _— 360 

Data hold time tour 5 — — 
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Bus Timing Characteristics (2) (Vcc = 4.5 V to 5.5 V, T, = -20°C to +75°C*3) 


Write Operation 

Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time toyck 500 — — ns Figure 33 
Enable pulse width (high level) PWen 230 — — 

Enable rise/fall time te, ter — — 20 

Address set-up time (RS, RW to E) tas 40 — — 

Address hold time tay 10 — — 

Data set-up time tosw 60 — _ 

Data hold time ty 10 — — 

Read Operation 

Item Symbo!l Min Typ Max Unit Test Condition 
Enable cycle time teyck 500 _ — ns Figure 34 
Enable pulse width (high level) | PWey 230 — — | 

Enable rise/fall time ter, ter _ — 20 

Address set-up time (RS, RAWto E) tas 40 — — 

Address hold time tay 10 _ — 

Data delay time topr _— _ 160 


Data hold time toHR 5 — — 


Segment Extension Signal Timing (Vcc = 2.7 V to 5.5 V, T, = -20°C to +75°C*3) 


item Symbol Min Typ Max Unit Test Condition 
Clock pulse width High level towH 800 — — ns Figure 35 
| Low level towL 800 — — 
Clock set-up time tesu 500 — — 
Data set-up time tsy 300 — — 
Data hold time tou 300 —_ — 
M delay time tom -1000 — 1000 
Clock rise/fall time tet _— — TBD 


Power Supply Conditions Using Internal Reset Circuit 


Item Symbol Min Typ Max Unit Test Condition 
Power supply rise time toc 0.1 — 10 ms Figure 36 
Power supply off time torr 1 — —_ 
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Electrical Characteristics Notes 


1. All voltage values are referred to GND = 0 V. If the LSI is used above these absolute maximum 
ratings, it may become permanently damaged. Using the LSI within the following electrical 
characteristic limits is strongly recommended for normal operation. If these electrical characteristic 
conditions are also exceeded, the LSI will malfunction and cause poor reliability. 


2. Voc 2 V1 2 V2 2 V3 2 V4 2 V5 must be maintained. In addition, if the SEG37/CL1, SEG38/CL2, 
SEG39/D, and SEG40/M are used as extension driver interface signals (EXT = high), GND > V5 
must be maintained. 


3. For die products, specified up to 75°C. 
4. For die products, specified by the die shipment specification. 


5. The following four circuits are I/O pin configurations except for liquid crystal display output. 





input pin 
Pin: E (MOS without pull-up) Pins: RS, R/W (MOS with pull-up) 
Voc Voc Vec 
PMOS PMOS 
NMOS NMOS 
I/O pin 
Pins: DBo-DB7 Voc Voc 
(MOS with pull-up) (input circuit) 
(pull-up MOS) PMOS 


Input enable 





Output 


bm enable data 
= ae : 4 


(output circuit) 
(tristate) 


NMOS 


6. Applies to input pins and I/O pins, excluding the OSC; pin. 
7. Applies to I/O pins. 
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8. Applies to output pins. 

9. Current flowing through pull-up MOSs, excluding output drive MOSs. 

10. Input/output current is excluded. When input is at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happening, the input 


level must be fixed high or low. 


11. Applies only to external clock operation. 





Th TI 
0.3 Voc 
trop tcp 
Th | 
Duty = ——— x 100% 
a ae ate 


12. Applies only to the internal oscillator operation using oscillation resistor Ry. 


Osct Ry: 75 kQ+ 2% (when Vcc = 3 V to 4 V) 
Ry: 91 kQ+ 2% (when Vcc = 4 Vto § V) 


Since the oscillation frequency varies depending on the OSC1 and 
Osc2 OSC2 pin capacitance, the wiring length to these pins should be minimized. 


foge (kHz) 
foge (kHz) 





50 (91400 150 50 (75) 100 150 
Ry (kQ) Ry (kQ) 
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13. Rcom is the resistance between the power supply pins (Vcc, V1, V4, V5) and each common 
signal pin (COM1 to COM33). 


Rogg is the resistance between the power supply pins (Vcc, V2, V3, V5) and each segment signal pin 
(SEG1 to SEG40). | 


14, The following graphs show the relationship between operation frequency and current consumption. 


Icc (mA) 


lec (mA) 


So 2 oe eS SS 
lec (mA) 





“0 100 200 300 400 500 ase 100 200 300 400 500 
fOSC or fep (kHz) fOSC or fcp (kHz) fOSC or fep (kHz) 


15. Applies to the OSC1 pin. 


16. Each COM and SEG output voltage is within +0.15 V of the LCD voltage (Vcc, V1, V2, V3, V4, V5) 
when there is no load. 


17. The TEST pin must be fixed to the ground, and the EXT or Vcc pin must also be connected to the 
ground. | 


18. Booster characteristics test circuits are shown below. 


Boosting twice Boosting three times 
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Load Circuits 


AC Characteristics Test Load Circuits 


Data bus: DBO-—DB7 


Segment extension signals: CL1, CL2,D, M 
Test 


Test 
point 3 | point | 
50 pF T 30 pF 


L 
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Timing Characteristics 


DBo to DB7 


RS 


DBo to DB7 


aa. ¥ Vics Valid data Vir x 





Figure 33 Write Operation 


Zi Vint vit 
14 


Ving Vint 
taH 


Eee EX 
ae. von Valid data vei 


Viet 





Figure 34 Read Operation 


HITACHI 409 











HD66710 





Figure 35 Interface Timing with External Driver 


2.7 VW/4.5 V2 


0.1 mS Stree $ 10 MS torr 21 ms 


Notes: 1. torr compensates for the power oscillation period caused by momentary power 
supply oscillations. 
2. Specified at 4.5 V for standard voltage operation, and at 2.7 V for low voltage operation. 
3. If the above electrical conditions are not satisfied, the internal reset circuit will not 
- operate normally. In this case, the LSI must be initialized by software. (Refer to the 
Initializing by Instruction section.) | 





Figure 36 Power Supply Sequemce 
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HD66712(LCD-II/F12)—___- 
(Dot Matrix Liquid Crystal Display 


Controller/Driver) 
Description 


The HD66712 dot-matrix liquid crystal display 
controller and driver LSI displays alphanumerics, 
numbers, and symbols. It can be configured to 
drive a dot-matrix liquid crystal displdy under the 
control of a serial or a 4- or 8-bit microprocessor. 
Since all the functions such as display RAM, 
character generator, and liquid crystal driver, 
required for driving a dot-matrix liquid crystal 
display are internally provided on one chip, a 
minimum system can be interfaced with this 
controller/driver. 


A single HD66712 is capable of displaying a 
single 24-character line, two 24-character lines, or 
four 12-character lines. 


The HD66712 software is upwardly compatible 
with the LCDII (HD44780) which allows the user 
to easily replace an LCD-II with an HD66712. In 
addition, the HD66712 is equipped with functions 
such as segment displays for icon marks, a 4-line 
display mode, and a horizontal smooth scroll, and 
thus supports various display forms. This achieves 
various display forms. The HD66712 character 
generator ROM is extended to generate 240 5 x 8 
dot characters. 


The low-voltage operation (2.7 V) of the 
HD66712, combined with a low-power mode, is 
suitable for any portable battery-driven product 
requiring low power consumption. | 


Features . 


¢ 5x8 dot matrix possible 


¢ Clock-synchronized serial interface capability; 
can interface with 4- or 8-bit MPU 


e Low-power operation support: 


— 2.7 to 5.5 V (low voltage) 

— Wide liquid-crystal voltage range: 3.0 to 
13.0 V max. 

Booster for liquid crystal voltage 

— Two/three times (13 V max.) 

High-speed MPU bus interface 

(2MHz at 5-V operation) 

Extension driver interface 


Character display and independent 60-icon 
mark display possible 

Horizontal smooth scroll by 6-dot font width 
display possible 

80 x 8-bit display RAM (80 characters max.) 
9,600-bit character generator ROM 

— 240 characters (5 x 8 dot) 

64 x 8-bit character generator RAM 

— 8 characters (5 x 8 dot) 

16 x 8-bit segment icon mark 

— 96-segment icon mark 

34-common x 60-segment liquid crystal 
display driver 

Programmable duty cycle 

(See list 1) | 

Software upwardly compatible with HD44780. 
Wide range of instruction functions: 


— Functions compatible with LCD-II: 
Display clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 


— Additional functions: Icon mark control, 4- 
line display, horizontal smooth scroll, 6-dot 
character width control, white-black 
inverting blinking cursor. | 

Automatic reset circuit that initializes the 

controller/driver after power on (standard 

version only) 


Internal oscillator with an external resistor 
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¢ Low power consumption 


* QFP 1420-128 pin, TCP-128 pin, bare-chip. 


List 1 Programmable duty cycles 


5-dot font width 
Single-chip Operation With Extension Driver 
Number of Displayed Displayed 
Lines Duty Ratio Characters Characters Icons 
1 1/17 One 24- One 52- 80 
character line character line 
2 1/33 Two 24- Two 32- 80 
character lines character lines 
4 1/33 ~ Four 24- Four 20- 80 


character lines 


character lines 


6-dot font width 
| Single-chip Operation With Extension Driver 

Number of Displayed Displayed ? 
Lines Duty Ratio Characters Characters icons — 
1 1/17 One 20- One 50- 96 

character line character line 
2 1/33 Two 20- Two 30- 96 

character lines character lines 
4 1/33 Four 10- Four 20- 96 


character lines 
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LCD-H Family Comparison 


Item 
Power supply voltage 


Liquid crystal drive 


LCD-II 
(HD44780U) 


2.7 Vto5.5V 


3.0 to 11 V 


LCD-iI/E20 
(HD66702) 
5V1s10% 
(standard) 
2.7Vto5.5V 
(low voltage) 


3.0 Vto 7.0 V 


LCD-I/F8 
(HD66710) 


2.7 Vto5.5V 


3.0 to 13.0 V 


HD66712 


LCD-IVF12 
HD66712 


2.7Vto5.5V 


3.0 to 13.0 V 








voltage 
Maximum display 8 characters 20 characters 16 characters x 24 characters x 
digits per chip x 2 lines x 2 lines 2 lines/ 2 lines/ 
8 characters x 4 12 characters x 4 
lines lines 
Segment display None None 40 segments 60 segments 
Display duty cycle 1/8, 1/11, and 1/8, 1/11, and 1/17 and 1/33. s- 1/17 and 1/33 
1/16 1/16 
CGROM 9,920 bits 7,200 bits 9,600 bits 9,600 bits 
(2085x8dot (1605x7dot (2405x8dot (2405~x8dot 
characters and characters and characters) characters) 
32 5 x 10 dot 32 5 x 10 dot 
characters) characters) 
CGRAM 64 bytes 64 bytes 64 bytes 64 bytes 
DDRAM 80 bytes 80 bytes 80 bytes 80 bytes 
SEGRAM None None 8 bytes 16 bytes 
Segment signals 40 100 40 60 
Common signals 16 16 33 34 
Liquid crystal drive waveform A B B B 
Bleeder resistor for LCD External External External External 
power supply (adjustable) (adjustable) (adjustable) (adjustable) 
Clock source External resistor External resistor External resistor External resistor 
or external clock or external clock or external clock or external clock 
R; oscillation frequency 270 kHz +30%  320kHz+30% 270kHz+30% 270kHz+30% 
(frame frequency) (59 to 110 Hz for (70 to 130 Hz for (56 to 103 Hz for (56 to 103 Hz for 
1/8 and 1/16 duty 1/8 and 1/16 duty 1/17 duty cycle; 1/17 duty cycle; 
cycle;43to80 cycle;51to95 57to106Hzfor 57 to 106 Hz for 
Hz for 1/11 duty Hzfor 1/11 duty 1/383 duty cycle) 1/33 duty cycle) 
cycle) cycle) | 
Rt resistance 91 kQ: 5-V 68 kQ: 5-V 91 kQ: 5-V 91 k2: 5-V 
operation; operation operation; operation; 
7§ kQ: 3-V 56 kQ: (3-V 75 kQ: 3-V 75 kQ: 3-V 
operation operation) operation operation 
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LCD-II Family Comparison (cont) 


item 


Liquid crystal voltage 
booster circuit 


Extension driver control signal 


Reset function 


Instructions 


Number of displayed 
lines 


Low power mode 
Horizontal scroll 
Bus interface 


CPU bus timing 


Package 


LCD- Il 
(HD44780U) 


None 


Independent 
control signal 


Power on 
automatic 
reset 


LCD-II 
(HD44780) 


1or2 


None 
Character unit 
4 bits/8 bits | 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


QFP-1420-80 


LCD-IVE20 
(HD66702) 


None 


Independent 
control signal 


~ Power on 


automatic 
reset 


Fully compatible 
with the LCD-II 


1or2 


‘None 


Character unit 


4 bits/8 bits 


1 MHz 


LCD-II/F8 
(HD66710) 


2-3 times step- 


up circuit 


Used in common 


with a driver 
output pin 


Power on 
automatic 
reset 


Upper 


compatible with 


the LCD-II 
1,2, or 4 


Available 
Dot unit 
4 bits/8 bits 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


LCD-IV/F12 
HD66712 


2-3 times step- 
up circuit 


Independent 
control signal 


Power on 
automatic reset 
or Reset input 


Upper compatible 
with the LCD-Il 


1,2,or4 


Available 
Dot unit 
Serial: 

4 bits/8 bits 


2 MHz: 5-V 
operation; 
1 MHz: 3-V 
operation 


LQFP-2020-144 QFP-1420-100 QFP-1420-128 
80-pin bare chip 144-pin bare chip 100-pin bare chip TCP-128 


128-pin bare chip 
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HD66712 Block Diagram 


Instruct 


lon register 


Timing generator 


instruction 
decoder 


Display data RAM 
(O00 RAM) 
80 x 8 bits 


Common 
signal 
register |i driver 


' 


34-bit 


Cursor and 
bling 
comrolier 


Paraliel/serial converter 
and smooth scroll circuit 
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HD66712 Pin Arrangement 


SEG44 C— 
SEG45 C1 
SEG46 CL 
seéa47 (1 
SEG48 [1 
SEG49 (__ 
SEGSO (7 
seGs1 Co 
seGs2 C— 
seass [_] 
SEG54 [_] 
SEGS5S (1 
SEG56 [— 
SEGS7 (1 
seass C_ 
seass (_] 
SEG6o (__ 
COM 
COM10 
COM11 
COM12 
COM13 
COM14 
COM15 


416 


SBSSRRSBRESBSENRGSERRSRAUBS 


oonoaran — 


Po ee Ce ee ee a ae ee eG 
oOnN OA & OND = O 


12@° |] SEG43 
[_] SEG42 
a SEG41 
1257] SEG40 
1247] SEG39 
1231] SEG38 
1221. | SEG37 
121f"_] SEG36 
120(—_j SEG35 
119f] SEG34 
118f_] SEG33 
117[__] SEG32 
116] _| SEG31 
1151] ~SEG30O 
1147] SEG29 
113777] SEG28 
112{] SEG27 
111” ] SEG26 
10107 SEG25 
109,"_] SEG24 
108i] SEG23 
107[—_] SEG22 
1067 | SEG21 
10Sf"_] SEG20 


1 
1 


LCD-II/F12 


(Top view) 


CL2 [——} 39 
Df} 40 
MC_1 41 

RESET'L_] 42 
IMC 143 

EXT (| 44 

TEST[__] 45 

GND] 46 

RS/CS*(__] 47 
RW/SID(-—] 48 
E/SCLK[] 49 
DBaSOD[—} 50 

D081] 51 

DB2 [} 52 

DB3 [——} 53 

DB4 (_] 54 

DBS [__1 55 

OB6 (__1 56 

DB7 (__| 57 

Vci (—__] 58 
C2] 59 
CiC_] 60 

GND] 61 

V50UT2[__] 62 
V50UT3[_] 63 
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1041 | SEG19 
103] ~SEG18 


VS___] 64 


104 
1017, 
100] 
)) 
98] 
97] 
°]) anes 
95, 
94] 
937 
92r- 7 
o1f | 
90r 7] 
sof] 
88 
87, | 
=| 
857 
84] 
83F" 7] 
82] 
Sif 


79f 
78] 
77 
76, 
75, 
747] 
73, 
72r__ 
710 
70, 
69] 
68 
671 
66." 


° 
a 


SEG17 
SEG16 
SEG15 
SEG14 
SEG13 
SEG12 
SEG11 
SEG10 
SEG9 
SEG8 
SEG7 
SEG6 
SEGS 
SEG4 
SEG3 
SEG2 
SEG1 
COMO 
com1 
COMmM2 
COM3 
COM4 
COMS 
COM6 
COM7 
COM8 
COM17 
COM18 
COM19 
COM20 
coma 
COM22 
COM23 
COM24 
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HD66712 Pad Arrangement 


SEGE | ~ LCD-IV/F12 


COM10 mn 
aes | (Top view) 
com12| [21] 
comi13} [22] 
COM14] (23) 
COM15 
COM16] [25] 
COM25 
come6} [27] 
COM27 
COM28] [29] 
COM29 
COMms30| (37) 
coms31| [32] 
COM32 
COM33} [34] 
Vcc 
osc2 
osci |(8Z] 
CLI 5 
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Pin Functions 
Table 1 Pin Functional Description 


Number Device 
Signal of pins vO interfaced with Function 
IM 1 | — Selects interface mode with the MPU; 


Low: Serial mode 
High: 4-bit/8-bit bus mode 
(Bus width is specified by instruction.) 


RS/CS* 1 ! MPU Selects registers during bus mode: 
Low: Instruction register (write); 
Busy flag, address counter (read) 
High: Data register (write/read) 
Acts as chip-select during serial mode: 
Low: Select (access enable) 
High: Not selected (access disable) 





RW/SID 1 i MPU Selects read/write during bus mode; 
. Low: Write 
High: Read 
Inputs serial data during serial mode. 
E/SCLK 1 [ MPU Starts data read/write during bus mode; 
Inputs (Receives) serial clock during serial mode. 
DBato 4 VO MPU Four high-order bidirectional tristate data bus pins. Used 
DB7 for data transfer between the MPU and the HD66712. 


DB7 can be used as a busy flag. Open these pins during 
serial mode since these signals are not used. 


DBito 3 VO MPU Three low order bidirectional tristate data bus pins. 

DBs | Used for data transfer between the MPU and the 
HD66712. Open these pins during 4-bit operation or 
serial mode since they are not used. 


DBO/ 1: VO MPU The lowest bidirectional data bit (DBO) during 8-bit bus 
SOD /O | -mode. Open these pins during 4-bit mode since they are 
not used. 


Outputs (transfers) serial data during serial mode. Open 
this pin if reading (transfer) is not performed. 


COMo to 34 O LCD Common signals; those that are not used become non- 

COMs3 — _ selected waveforms. At 1/17 duty rate, COM: to COMie 
are used for character display, COMo and COMi7 for 
icon display, and COM18 to COM33 become non- 
selected waveforms. At 1/33 duty rate, COM; to COMs2 
are used for character display, and COMo and COMgs for 
icon display. Because two COM signals output the same 
level simultaneously, apply them according to the wiring 
pattern of the display device. | 


SEG to 60 O LCD Segment output signals 
SEGeo 
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Table 1 Pin Functional Description (cont) 


Number Device 

Signal of pins 1/0 —iInterfaced with Function 

CL1. 1 O Extension driver When EXT = high, outputs the extension driver latch 

| pulse. 

CL2 1 O Extension driver neh EXT = high, outputs the extension driver shift 
cloc 

D ei O Extension driver When EXT = high, outputs extension driver data; data 
from the 61st dot on is output. 

M 4 O Extension driver When EXT = nan outputs the extension driver AC 

, signal. 

EXT 1 | — When EXT = high, outputs the extension driver control 
signal. When EXT = low, the signal becomes tristate 
and can suppress consumption current. 

Vi to V5 5 _ Power supply Power supply for LCD drive | 
Vcc -Vs = 13 V (max) 

Vcc/GND 2 — Power supply Voc: +5 V or +3 V, GND: 0 V 

OSC1/OSC2 2 — Oscillation When crystal oscillation is performed, an external 

resistor resistor must be connected. When the pin input is an 
clock external clock, it must be input to OSC. 

Vei 1 I — Inputs voltage to the booster to generate the liquid 
crystal display drive voltage. _ 

Vci: 2.5 V to 4.5 V 
VsOUT2 1 O Vs pin/ Voltage input to the Vci pin is boosted twice and output. 
Booster When the voltage is boosted three times, the same — 
| capacitance capacitance as that of Ci—C2 should be connected here. 

VsOUT3 1 O «Vs pin Voltage input to the Vci pin is boosted three times and 

| : output. 

C1/C2 20 — Booster External capacitance should be connected here when 

Capacitance using the booster. 
RESET“ 1 | — Reset pin. Initialized to "low". 
TEST 1 [ — Test pin. Should be wired to ground. 
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Function Description 
System Interface 


The HD66712 has three types of system interfaces: 
synchronized serial, 4-bit bus, and 8-bit bus. The 
serial interface is selected by the IM-pin, and the 
4/8-bit bus interface is selected by the DL bit in 
the instruction register. 


The HD66712 has two 8-bit registers: an 
instruction register (IR) and a data register (DR). 


The IR stores instruction codes, such as display 
- Clear and cursor shift, and address information for 
the display data RAM (DD RAM), the character 
generator RAM (CG RAM), and the segment 
RAM (SEG RAM). The MPU can only write to 
IR, and cannot be read from. 


The DR temporarily stores data to be written into 
DD RAM, CG RAM, or SEG RAM. Data written 
into the DR from the MPU is automatically written 
into DD RAM, CG RAM, or SEG RAM by an 
internal operation. The DR is also used for data 
storage when reading data from DD RAM, CG 
RAM, or SEG RAM. When address information 
is written into the IR, data is read and then stored 
into the DR from DD RAM, CG RAM or SEG 
RAM by an internal operation. Data transfer 
between the MPU is then completed when the 
MPU reads the DR. After the read, data in DD 
RAM, CG RAM, or SEG RAM at the next address 
is sent to the DR for the next read from the MPU. 


These two registers can be selected by the registor 
selector (RS) signal in the 4/8 bit bus interface, 
and by the RS bit in start byte data in synchronized 
serial interface (table 2). 


Table 2 Resistor Selection 


RS _R/W___ Operation 
0 0 
0 1 
1 0 
1 1 
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Busy Flag (BF) 


When the busy flag is 1, the HD66712 is in the 
internal operation mode, and the next instruction 
will not be accepted. When RS = 0 and R/W = 1 
(table 2), the busy flag is output from DB7. The 
next instruction must be written after ensuring that 
the busy flag is 0. 


Address Counter (AC) 


The address counter (AC) assigns addresses to DD 
RAM, CG RAM, or SEG RAM. When an address 
of an instruction is written into the IR, the address 
information is sent from the IR to the AC. 
Selection of DD RAM, CG RAM, and SEG RAM 
is also determined concurrently by the instruction. 


After writing into (reading from) DD RAM, CG 
RAM, or SEG RAM, the AC is automatically 
incremented by 1 (decremented by 1). The AC 
contents are then output to DBo to DBs when RS = 
0 and R/W = 1 (table 2). 


IR write as an internal operation (display clear, etc.) 

Read busy flag (DB7) and address counter (DBo to DBe) 

DR write as an internal operation (DR to DD RAM, CG RAM, or SEGRAM) 
DR read as an internal operation (DD RAM, CG RAM, or SEGRAM to DR) 


421 











HD66712 
_ Display Data RAM (DD RAM) 


Display data RAM (DD RAM) stores display data 
represented in 8-bit character codes. Its capacity is 
80 x 8 bits, or 80 characters. The area in display 
data RAM (DD RAM) that is not used for display 
can be used as general data RAM. 


The DD RAM address (App) is set in the address 
counter (AC) as a hexadecimal number, as shown 
in figure 1. 


MSB LSB 
A 


The relationship between DD RAM addresses and 
positions on the liquid crystal display is described 
and shown on the following pages for a variety of 
cases. 


Example: DD RAM address 4E 


sfofofsirtrfo. 





Figure 1 DD RAM Address 


eo | HITACHI 


¢ 1-line display (N = 0, and NW = 0) 


— Case 1: When there are fewer than 80 
display characters, the display begins at the 
beginning of DD RAM. For example, when 
24 5-dot font-width characters are displayed 
using one HD66712, the display is generated 
as shown in figure 2. 


When a display shift is performed, the DD 
RAM addresses shift as well as shown in the 
figure. 


When 20 6-dot font-width characters are 





HD66712 


When a display shift is performed, the DD 
RAM addresses shift as well as shown in the 
figure. 


— Case 2: Figure 4 shows the case where the 


EXT pin is fixed high and the HD66712 and 
the 40-output extension driver are used to 
display 24 6-dot font-width characters. 
In this case, COM9 to COM16 begins at 
(OA)H. 


When a display shift is performed, the DD 
RAM addresses shift as wellas shown in the 
figure. 


displayed using one HD66712, the display is 
generated as shown in figure 3. Note that 
COM9 to COM16 begins at address (OA)H 
in this case.20 characters are displayed. 


345 67 8 9101112 131415 16171819 2021 2223 24——g—-_ Display position 


con oP PE) CPSPED PEEP come 


DDRAM address 


2345678 9101112 13 141516 17 1819 2021 2223 24 


COMI to 8 nC 03] [0s | 06 07{ 08] os] an] ce oc foc] [oof oF 10f 15] 12] 19s 15 [17] toe COM9 to 16 (Left shift display) 
COM! to 8™ 00 01 o2 03 o4{ o5fo6| 07 08] 08] on cof oo] oe] oF 1 IC ECC. COMS to 16 (Right shift display) 


Figure 2 1-line by 24-Character Display (5-dot font width) 








2345 6789 10 SO COCOURGE <q Display position 


com wombs] Helle" > p= cov re 


DDRAM address 


12345 678910 11121314151617 1819 20 


COM! to Bam{or[ce [oa os[os [os]07] ef oo] oa] [oa[oc] oof oe] oF| ro] 14 TD ae COMB to 16 (Left shift display) 
COM1 to Bam{4F| 00]01] 02/00] o4]os 06] o7| 08 [c=] 24] ce] oc{ 00 foe oF | 1] 1] re} COM9 to 16 (Right shift display) 


Figure 3 1-line by 20-Character Display (6-dot font width) 
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345678 910 


Sables lok 21 222324 —<— Display position 
COM! 108 soc usueacr) pers RG SEGRRGOD ,CORE 


ee to 16 


“. DDRAM address 
——toeparTesS ension Oriver 


aes ee to SEG60 SEGI to SEG60 SEG1 to SEG24 


456789 10 fel fe Ph AI 21 2223 24 


COM1 to 8 AE 03} 04] 05 0s| 07 08] 09] oA oa ox] och Jor [0] 1]: [a] shames [16[ 7]. fm COMB to 16 (Left shift display) 
COM1 to 8m SCOCOCOOEC 09] on cal oc yes COMB to 16. (Right shift display) 


Figure 4 1-line by 24-Character Display (6-dot font width) 
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e 2-line display (N = 1, and NW = 0) 


— Case 1: The first line is displayed from 
COM1 to COM16, and the second line is 
displayed from COM17 to COM32. Note 
that the last address of the first line and the 
first address of the second line are not 
consecutive. Figure 5 shows an example 
where a 5-dot font-width 24 x 2-line 
display .is performed using one HD66712. 


HD66712 


Here, COM9 to COM16 begins at (OC)H, 
and COM25 to COM32 at (4C)H. Whena 
display shift is performed, the DD RAM 
addresses shift as shown. Figure 6 shows 
an example where a 6-dot font-width 20 x 
2-line display is performed using one 
HD66712. COM9 to COM16 begins at 
(OA)H, and COM25 to COM372 at (4A)H. 


123456789 101112 1314 1516171819 2021222324 ~<——— Display position 


fc a i Ga ead a eG 


Fa Ka a id i LE 


17 Jom COM9-COM16 


conn Lf] fel ol sefol ode] [lols] | [ss] ofsspeee cones come 


~- DORAM address 


1234656 789 101112 13141516 171819 20 21222324 


z ) Mo- 
com Perl) lll fll fll coms aetrshit dispey 


COM24 


c 
com7- aff alel[ fol lnbale] [=| =| f= [| pam COMES: 


BOCES COGOUSCO BN CCCCEE DED SC. ne 
vie DOD OMUDUUO ONGC UGG OGOdo cet. 






Figure 5 2-line by 24- 








1 










haracter Display (5-dot font width) 


45678910 11121314151617181920 ——— Display position 


23 
cone 17 =| eo] |e] | selec] 2[ see com-comrs 
coves VMlellelele=] fe |[ol| [a] 






COM25-—-COM32 
DDRAM address 


Figure 6 2-line by 20-Character Display (6-dot font width) 


HITACHI 425 








HD66712 


— Case 2: Figure 7 shows the case where the When a display shift is performed, the DD 
EXT pin is fixed high and the HD66712 andthe == RAM addresses shift as shown. 
40-output extension driver are used to extend 
the number of display characters to 32 5-dot 
font-width characters. 


In this case, COM9 to COM 16 begins at 
(OC)H, and COM25 to COM32 at (4C)H. 


345 678 9 101112 1314 1516171819 20212223 24 2526 2728 29303132 —<«———— Display position 


come. ge, EEE ee coMe-COMI6 
sau“ SCO USUUCECCoSCOUCoOOGme. coMes-coMia 


dD 
Tepe LCD-IWF12 => = eianeonaten™ Bere ae 
SEG1-SEG60 SEG1-SEG60 Segi—Seg40 


Left shift displa 
2 3 : § 6 7 : 9 101112 13141516 171819 2021222324 2526272829 303132 | splay) 


oe SO COUCGOOCCOSES ee or] fee] [es] | ef a bfio[ olf ofr] [sof COMe-COMIG 
COMI7— aaerfes} as SCaEG fof lec aera COM2s-COMa2 
COM24 

(Right shift display) 
SoMa me] e=fe* [ee foe[ ef ]or]oe [omen] [se]so foo] efor] 0] vfre[r[ af ef oe]anf rf elie lief [ef ofc} COMD-COMI6 
COMY7— mer ofr] fe] |] om] of] [feel] fer | 9] foe] fol ooln false [sleobe}— comes-come 





Figure 7 2-Line by 32 Character Display (5-dot font width) 


426 HITACHI 


HD66712 
» A-line display (NW = 1) 


When a display shift is performed, the DD 
RAM addresses shift as shown. 


— Case 1: The first line is displayed from COM1 
to COM8, the second line is displayed from 
COMS9 to COM16, the third line is displayed 
from COM17 to COM24, and the fourth line is 
displayed from COM25 to COM32. 

Note that the DD RAM addresses of each line 
are not consecutive. 

Figure 8 shows an example where a 12 x 4-line 
display is performed using one HD66712. 





123 4567 8 9 101112 <#—— Display position 


COM1 to 8 [oo] 01102 0alo4[0s foe|o7]08|oafoa]oa| ey 
a a 25227 | 252524 | DDRAM address 
COM17 to 24 a0} at} 42] 4944] 45|46]47| 45] 0 4A|45| <e———~— | 
COM25 to 32 [oo] srfe2] 6a] 64 65 |60| 67/68] 69 ~— 


(Left shift display) (Right shift display) 
1 


23 45 6 7 8 9 10 11 12 45 67 8 9 1011 12 


cones frhelolodolel olf Side fefolofofodorodo 
come fee oa olde lelsao ia 
SRC COCOMCCOCE ala lelalalelalelalala 
coun [olelalefelsloafelafebe fe lolol sfodeefef 





Figure 8 4-Line Display 
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— Case 2: Figure 9 shows the case where the 
EXT pin is fixed high and the HD66712 and 
the 40-output extension driver are used to 
extend the number of display characters. 


When a display shift is performed, the DD 
RAM addresses shift as shown. 


123 4686 6 7 8 9101112 13 1415 16 17 18 19 20 «<@——_— Display position 


COM! 108 mmo] 04 a]oa{o4{o4oe{07[ogfaolaalos}e'oc|oo|oe|oF[so]s1[ 12]19] we 
coe fal fed flat oh lole|=l>)felo] <— 
DDRAM address 
COM25 to 32 {89 6162] 69| ea] eo) | 7] | sae ea}mc| eo] ee|oF| 7 74 72\73| y 


LCD-II/F12 Extension driver 


12 3 485 6 7 8 9 1011 12 13.14 15 1617 18 19 20 41234 56 7 89 1011 12 13 1415 16 171819 20 


ie 
ofa no foo a ol och oo] 1 9240] m1 fos neff 70 oo floc one [oF] 
— noua : 


EE | cs | H 
Sen a “—y i 
ee | 


(Left shift display) 


(Right shift display) 





Figure 9 4-Line by 20-Character Display 
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Character Generator ROM (CG ROM) 


The character generator ROM generates 5 x 8 dot 
character patterns from 8-bit character codes 
(table 3). It can generate 240 5 x 8 dot character 
patterns. User-defined character patterns are also 
available using a mask-programmed ROM (see 
"Modifying Character Patterns"). 


HD66712 


Character Generator RAM (CG RAM) 


The character generator RAM allows the user to 
redefine the character patterns. In the case of 5 x 
8 dot character, up to eight character patterns may 
be redefined. 


Write the character codes at the addresses shown 
as the left column of table 3 to show the character 
patterns stored in CG RAM. 


See table 4 for the relationship between CG RAM 
addresses and data and display patterns. 
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Segment RAM (SEGRAM) 


The segment RAM (SEGRAM) is used to enable 
control of segments such as an icon and a mark by 
the user program. 

_ Fora 1-line display, SEGRAM is read from the 
COM0 and the COM17 output, and for 2- or 4-line 
displays, it is read from the COMO and the 
COM33 output, to perform 60-segment display 
(80-segment display when using the extension 
driver). 

As shown in table 7, bits in SEGRAM 
corresponding to segments to be displayed are 
directly set by the MPU, regardless of the contents 
of DDRAM and CGRAM. | 


SEGRAM data is stored in eight bits. The lower 
six bits control the display of each segment, and 
the upper two bits control segment blinking. 


Timing Generation Circuit 


The timing generation circuit generates timing 
signals for the operation of internal circuits such 
as DDRAM, CGROM, CGRAM, and SEGRAM. 
RAM read timing for display and internal 
operation timing by MPU access are generated 
separately to avoid interfering with each other. 
Therefore, when writing data to DD RAM, for 
example, there will be no _ undesirable 
interferences, such as flickering, in areas other 
than the display area. 


Liquid Crystal Display Driver Circuit 


The liquid crystal display driver circuit consists of 
34 common signal drivers and 60 segment signal 
drivers. When the character font and number of 


AC = (08)16 


lines are selected by a program, the required 
common signal drivers automatically output drive 
waveforms, while the other common signal 
drivers continue to output non-selection 
waveforms. 


Character pattern data is sent serially through a 
60-bit shift register and latched when all needed 
data has arrived. The latched data then enables 
the driver to generate drive waveform outputs. 


Sending serial data always starts at the display 
data character pattern corresponding to the last 
address of the display data RAM (DD RAM). 


Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66712 drives from the head display. 


Cursor/Blink Control Circuit 


The cursor/blink (or white-black inversion) 
control is used to produce a cursor or a flashing 
area on the display at a position corresponding to 


_ the location in stored in the address counter (AC). 


For example (figure 11), when the address counter 
is (08)H, a cursor is displayed at a position 
corresponding to DDRAM address (08)H. 


Scroll Control Circuit 


The scroll control circuit is used to perform a 
smooth-scroll in the unit of dot. When the 
number of characters to be displayed is greater 
than that possible at one time on the liquid crystal 
module, this horizontal smooth scroll can be used 
to display all characters. 


Display 


12 3 4 5 6 7 8 9 10 11—— position 


GGGGCGOUSCE Rr 
| ow address 





- Cursor position 








Figure 10 Cursor/Blink Display Example 
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Table 3 Relationship between Character Codes and Character Patterns (ROM code: A00) 
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Table 5 Relationship between Character Codes and Character Patterns (ROM code: A02) 
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Note: The character codes of the characters eneioda in the bold frame are the same as fae of the first 
edition of the ISO8859 and the character code compatible. 


HITACHI 433 








HD66712 


Table 6 Example of Relationships between Character Code (DDRAM) and Character Pattern 
(CGRAM data) 


a) When character pattern is 5 x 8 dots 


Character code (DDRAM data) CGRAM address CGRAM data 
D7 Des Ds Ds Ds D2 Di Do As Aa A3i A2 Ai Ao OIE 






0000 * 0 0 0 

















Character 
pattern 
(1) 
0 O 
0 0O 
Oo 1 
0 1 Character 
1 0 pattern 
1 0. (8) 
1 4 
‘1 #1 
b) When character pattern is 6 x 8 dots 
Character code (DDRAM data) CGRAM address CGRAM data 
D7 Ds Ds Ds Ds D2 Di Do}! As Aa As: A2 Ai Ao eee cone 6 es 
0000* 000 aco: 6 
Character 
pattern 
! (1) 
Character 
pattern 


(8) 


~a ti wt ot OO OO CO OO 
ma O-_s Os CO = CO 





~~ te OO = = CO CO 
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Notes: 1. Character code bits 0 to 2 correspond to CGRAM address bits 3 to 5 (3 bits: 8 types). 

2. CGRAM address bits 0 to 2 designate the character pattern line position (3 bits: 8 lines). The 
8th line is the cursor position and its display is formed by a logical OR with the cursor. 

3. The character data is stored with the rightmost character element in bit 0, as shown in the figure 
above. Characters with 5 dots in width (FW = 0) are stored in bits 0 to 4, and characters with 6 
dots in width (FW = 1) are stored in bits 0 to 5. 

4, When the upper four bits (bits 7 to 4) of the character code are 0, CGRAM is selected. 

Bit 3 of the character code is invalid (*). Therefore, for example, the character codes (00)H 
and (08)H correspond to the same CGRAM address. 

5. A set bit in the CGRAM data corresponds to display selection, and 0 to non-selection. 

6. When the BE bit of the function set register is 1, pattern blinking control of the lower six bits is 
controlled using the upper two bits (bits 7 and 6) in CGRAM. 

When bit 7 is 1, of the lower six bits, only those which are set are blinked on the display. 
When bit 6 is 1, a bit 4 pattern can be blinked as for a 5-dot font width, and a bit 5 pattern 
can be blinked as for a 6-dot font width. 





* Indicates no effect. 
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Table 7 Relationship between SEGRAM addresses and display patterns 


SEGRAM SEGRAM data 


address a) 5-dot font width b) 6-dot font width -_ 
Ao A2 Ai “= 2 = Da D3 D2 D1 De Ds Da Ds D2 D1 Do 


S1 $2 S3 S4 = S1 S2 S3 S4 S5 S6 
S6 S7 S8 S9 S10 S7 S8 S9 $10S11S12 
$11$12$13S14S$15 $13$14S15S16S17S18 
$16$17S18S19S20 S19S20S21S22S23S24 
$21$22$23524S25 S25 $26S27S28S29S30 
S$26S27S28S29S30 $31 $32S$33S34S35 S36 
$31 S32$33S34S35 | $37 $38 S39S40S41 S42 
$36 $37 S38 S39S40 S43$44S$45 S46 S47S48 
$41S$42S43S44S45 $49$50S51S52S53S54 
$46S47S48S49S50 955$56 S57S58S59 S60 
$51 $52$53S54S55 $61 S62S63S64S65 S66 
$56 S57 S58S59S60 ) $67S68S69S70S71S72 
S61S62S63S64S65| B S73$74S75S76S77S78 
S66 S67 S68S69S70 _$79S80S81S82S83S84 
$71S72S73$74S75 $85 $86 S87S88S89S90 
S76S77S78S79S80 | __ $91$92S93S94S95S96 


“lO 'iD:iD:10!10 lO!o010 
~iis!10!10!1010 
10 
='!o 


1 
0 


wm teh gt gp eh fo th foo 9 oh 
wah labsg ed or i OO1O:O0O 


Blinking control Pattern on/off Blinking contro! Pattern on/off 





Notes: 1. Data set to SEGRAM is output when COMO and COM17 are selected, as for a 1-line display, 
and output when COMO and COM33 are selected, as for a 2-line or a 4-line display. COMO and 
COM17 for a 1-line display and COMO.and COM33 for a 2-line or a 4-line display are the same 
signals. 

2. $1 to S96 are pin numbers of the segment output driver. S1 is positioned to the left of the 
display. When the LCD-II/F12 is used by one chip, segments from $1 to S60 are displayed. 
An extension driver displays the segments after S61. 

3. After S80 output at 5-dot font and $96 output at 6-dot font, S1 output is repeated again. 

4, As for a 5-dot font width, lower five bits (D4 to DO) are display on.off information of each 
segment. For a 6-dot character width, the lower six bits (D5 to DO) are the display 
information for each segment. 

5. When the BE bit of the function set register is 1, pattern blinking of the lower six bits is 

-- controlled using the upper two bits (bits 7 and 6) in SEGRAM. 

When bit 7 is 1, only a bit set to "1" of the lower six bits is blinked on the display. 
When bit 6 is 1, only a bit 4 pattern can be blinked as for a 5-dot font width, and only a bit 5 

- pattern can be blinked as for 6-dot font width. 

6. Bit 5 (DS) is invalid for a 5-dot font width. 

7. Set bits in the SEGRAM data correspond to display selection, and zeros to non-selection. 
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i) 5-dot font width (FW=0) 





Displayed by extension driver 
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ii) 6-dot font width (FW=1) 
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Displayed by extension driver | 





Displayed by LCD-II/F12 
Figure 11 Correspondence between SEGRAM and segment display 
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Modifying Character Patterns 
¢ Character pattern development procedure 4, 


The following operations correspond to the 5. 
numbers listed in figure 12: 


1. Determine the correspondence between | 
character codes and character patterns. 6. 


2. Create a listing indicating the correspondence 
between EPROM addresses and data. 


3. Program the character patterns into an 
EPROM. | 
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Send the EPROM to Hitachi. 


Computer processing: of the EPROM is 
performed at Hitachi to create a character 
pattern listing, which is sent to the user. 


If there are no problems within the character 
pattern listing, a trial LSI is created at Hitachi 
and samples are sent to the user for evaluation. 
When it is confirmed by the user that the 
character patterns are correctly written, mass 
production of the LSI will proceed at Hitachi. 


-HD66712 


Hitachi User 


Determine 
character patterns | 









Computer 






processing | 
- Create character © Create EPROM 
pattern listing address data listing 





Evaluate 
character 
patterns 


| | Yes. 
[=] 
[eT 
Sample 
© 
fe) 









EPROM - Hitachi 


® 
@® 
Write EPROM Q) 
® 


<7 0K? > 


N 
Yes 


Mass 
production 


Figure 12 Character Pattern Development Procedure 
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Programming character patterns — Programming to EPROM 


This section explains the correspondence The HD66712 character generator ROM can 
between addresses and data used to generate 240 5 x 8 dot character patterns. 
program character patterns in EPROM. Table 8 shows correspondence between the 


EPROM address data and the character pattem. 


| Table 8 Exinigle of Correspondence between EPROM cers Data and Character Pattern 
(5 x 8 dots) 


EPROM Address 
Aii1 Aio As As A7 As As Aa: | A3 A2 Ai Ao wos O3 O2 O1 e 


—a~ =—§ ©§ Oo =| = oO oO 
200 O|]10 0 o 


0! 
0 
0 
0 
0 
0 
0 
0 


‘ 
t 
‘ 
, 
' 
' 
‘ 
' 
‘ 
‘ 
' 
‘ 
‘ 
' 
' 
‘ 
i] 
' 
] 
U 
' 
‘ 
( 
‘ 
i] 
U 
() 
' 


Character code "oO" Line position 





Notes: 1. EPROM addresses A111 to A4 correspond to a character code. 

2. EPROM addresses Az to Ao specify the line position of the ergtactl pattern. EPROM address 
A3 should be set to “0” 

3. EPROM data O4 to Oo correspond to character pattern data. 

_ 4, Areas which are lit (indicated by shading) are stored as "1", and unlit areas as "0", 

5. The eighth line is also stored in the CGROM, and should also be programmed. If the eighth line 
is used for a cursor, this data should all be set to zero. 

6. EPROM data bits 07 to Os are invalid. "0" should be written in all bits. 


— Handling unused character patterns 


1. EPROM data outside the character pattern i. When unused character patterns are not 
area: This is ignored by the character programmed: If an unused character code 
generator ROM for display operation so any is written into DD RAM, all its dots are lit, 
data is acceptable. because the EPROM is filled with 1s after 


| it is erased. 
2. EPROM data in CG RAM area: Always fill 


with zeros. ii, When unused character patterns are 
| | programmed as Qs: Nothing is displayed 
3. Treatment of unused user patterns in the even if unused character codes are written 
HD66712 EPROM: According to the user into DD RAM. (This is equivalent to a 
application, these are handled in either of two space.) 
ways: 
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Initializing by Internal Reset Circuit 


An internal reset circuit automatically initializes 
the HD66712 when the power is turned on. The 
following instructions are executed during the 
initialization. The busy flag (BF) is kept in the 
busy state until the initialization ends (BF = 1). 
The busy state lasts for 15 ms after Vcc rises to 
4.5 V or 40 ms after the Vcc rises to 2.7 V. 


1. Display clear: 
(20)H to all DDRAM 


2. Set functions: 
DL = 1: 8-bit interface data 
N = 1: 2-line display 
RE = 0: Extension register write disable 
BE = 0: CGRAM/SEGRAM blink off 
LP = 0: Not in low power mode 


3. Control display on/off: 
D = 0: Display off 
C = 0: Cursor off 
B = 0: Blinking off 
4. Eet entry mode: 
I/D = 1: Increment by 1 
S = 0: No shift 
5. Set extension function 
FW = 0: 5-dot character width 
B/W = 0: Normal cursor (eighth line) 
NW = 0: 1- or 2-line display (depending on N) 


6. Enable scroll 


HSE = 0000: Scroll unable 


7. Set scroll amount 
HDS = 000000: Not scroll 


Note: If the electrical characteristics conditions 
listed under the table Power Supply 
Conditions Using Internal Reset Circuit are 
not met, the internal reset circuit will not 
operate normally and will fail to initialize 
the HD66712. 


HD66712 


Initializing by Hardware Reset Input 


~ The LCD-II/F12 also has a reset input pin: 


RESET*. If this pin is made low during 
operation, an internal reset and initialization is 
performed. This pin is ignored, however, during 
the internal reset period at power-on. 


Interfacing to the MPU 


The HD66712 can send data in either two 4-bit 
operations or one 8-bit operation, thus allowing 
interfacing with 4- or 8-bit MPUs. 


¢ For 4-bit interface data, only four bus lines 
(DB4 to DB7) are used for transfer. Bus lines 
DBo to DB3 are disabled. The data transfer 
between the HD66712 and the MPU is 
completed after the 4-bit data has been 
transferred twice. As for the order of data 
transfer, the four high order bits (for 8-bit 
operation, DB4 to DB7) are transferred before 
the four low order bits (for 8-bit a 

~ DBo to DB3). 


The busy flag must be checked (one 
instruction) after the 4-bit data has been 
transferred twice. Two more 4-bit operations 
then transfer the busy flag and address counter 
data. 


¢ For 8-bit interface data, all eight bus lines 
(DBo to DB7) are used. 


« When the IM pin is low, the HD66712 uses a 
serial interface. See "Transferring Serial 
Data". 
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Instruction register (IR) Busy flag (BF) and Data register (DR) 
write: ~ address counter (AC) read 
read 





Figure 13 4-Bit Transfer Example 
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Transferring Serial Data 


When the IM pin (interface mode) is low, the 
HD66712 enters serial interface mode. A three- 
line clock-synchronous transfer method is used. 
The HD66712 receives serial input data (SID) and 
transmits serial output data (SOD) by 
synchronizing with a transfer clock (SCLK) sent 
from the master side. 

When the HD66712 interfaces with several chips, 
‘chip select pin (CS*) must be used. The transfer 
clock (SCLK) input is activated by making chip 
select (CS*) low. In addition, the transfer counter 
of the LCD-II/F12 can be reset and serial transfer 
synchronized by making chip select (CS*) high. 
Here, since the data which was being sent at reset 
is Cleared, restart the transfer from the first bit of 
this data. In the case of a minimum | to 1 transfer 
system with the LCD-II/F12 used as a receiver 
only, an interface can be established by the 
transfer clock (SCLK) and serial input data (SID). 
In this case, ou select (CS*) should be fixed to 
low. 

The transfer clock (SCLK) is independent from 
operational clock (CLK) of the LCD-II/F12. 
However, when several instructions are 


continuously transferred, the instruction execution © 


time determined by the operational clock (CLK) 
(see continuous transfer) must be considered since 
the LCD-II/F12 does not have an internal 
transmit/receive buffer. 


a) Basic transfer serial data input (receive) 
cs’ 


HD66712 


To begin with, transfer the start byte. By receiving 
five consecutive bits (synchronizing bit string) at 
the beginning of the start byte, the transfer counter 
of the LCD-II/F12 is reset and serial transfer is 
synchronized. The 2 bits following the 
synchronizing bit string (5 bits) specify transfer 
direction (R/W bit) and register select (RS bit). Be 
sure to transfer 0 in the 8th bit. 

After receiving the start byte, instructions are 
received and the data/busy flag is transmitted. 
When the transfer direction and register select 
remain the same, data can be continuously 
transmitted or received. 

The transfer protocol is described in detail below. 


— Receiving (write) 

After receiving the start synchronization bits, the 
R/W bit (= 0), and the RS bit with the start byte, 
an 8-bit instruction is received in 2 bytes: the 
lower 4 bits of the instruction are placed in the 
LSB of the first byte, and the higher 4 bits of the 
instruction are placed in the LSB of the second 
byte. Be sure to transfer 0 in the following 4 bits 
of each byte. When instructions are continuously 
received with R/W bit and RS bit unchanged, 
continuous transfer is possible (see "Continuous 
Transfer" below). 


(Input) 12 3 4 5 67 8 9 1011 12 1314 15 1617 16 19 2021 22 23 24 


SCLK 
(Input) 
SID 


(Input) 


Starting byte 
b) Basic transfer of serial data output (transmit) 


cs* 
(Input) 


ce Lower _»| 
bit string = 
4 st ee a 


ee patent 


= byt 
Instruction 


12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 





Figure 14 Basic Procedure for Transferring Serial Data 


HITACHI ee 








HD66712 


— Transmitting (read) 


After receiving the start synchronization bits, the 


R/W bit (= 1), and the RS bit with the start byte, 8- 


bit read data is transmitted in the same way as 
receiving. When read data is continuously 
transmitted with R/W bit and RS bit unchanged, 
continuous transfer is possible (see "Continuous 
Transfer" below). 

Even at the time of the transmission (the data 
output), since the HD66712 monitors the start 
synchronization bit string ("11111") by the SID 
input, the HD66712 receives the R/W bit and RS 
bit after detecting the start synchronization. 
Therefore, in the case of a continuous transfer, fix 
the SID input "0". 


— Continuous transfer 


When instructions are continuously received with. 
the R/W bit and RS bit unchanged, continuous 
receive is possible without inserting a start byte 
between instructions. 

After receiving the last bit (the 8th bit in the 2nd 
byte) of an instruction, the system begins to 


i) Continuous data write by boring processing 


execute it. 


To execute the next instruction, the instruction 
execution time of the LCD-II/F12 must be 
considered. If the last bit (the 8th bit in the 2nd 
byte) of the next instruction is received during 
execution of the previous instruction, the 
instruction will be ignored. 

In addition, if the next unit of data is read before 
read execution of previous data is completed for 
busy flag/address counter/RAM data, normal data 
is not sent. To transfer data normally, the busy 
flag must be checked. However, it is possible to 
transfer without reading the busy flag if wiring for 
transmission (SOD pin) needs to be reduced or if 
the burden of polling on the CPU needs to be 
removed. In this case, insert a transfer wait so that 
the current instruction first completes execution 
during instruction transfer. 


Instruction (1) 


Execution 


Wait 


Ce Se Goa 
ist byte | ms 
Instruction (1) Instruction a 
Execution time Execution time 


lii) Continuous data read by CPU wait insert 


SCLK 


read (1 


| Instruction (1) 


| Ist byle | 2nd byte | 
‘Instruction | Execution tm 
| Execution ti time 


Data Data 
| read (2) read (3) 


Instruction (2) 
Execution time 





Figure 15 Procedure for Continuous Data Transfer 


AA4 


HITACHI 


Instructions 
Outline 


Only the instruction register (IR) and the data 
register (DR) of the HD66712 can be controlled by 
the MPU. Before starting internal operation of the 
HD66712, control information is temporarily 
stored in these registers to allow interfacing with 
various MPUs, which operate at different speeds, 
or various peripheral control devices. The internal 
operation of the HD66712 is determined by 
signals sent from the MPU. These signals, which 
include register selection (RS), read/write (R/W), 
and the data bus (DBo to DB7), make up the 
HD66712 instructions (table 11). There are four 
categories of instructions that: 


¢ Designate HD66712 functions, such as display 
format, data length, etc. 


e Set internal RAM addresses 
¢« Perform data transfer with internal RAM 
e« Perform miscellaneous functions 


Normally, instructions that perform data transfer 
with internal RAM are used the most. However, 


HD66712 


auto-incrementation by 1 (or auto-decrementation 
by 1) of internal HD66712 RAM addresses after 
each data write can lighten the program load of the 
MPU. Since the display shift instruction (table 16) 
can perform concurrently with display data write, 
the user can minimize system development time 
with maximum programming efficiency. 


When an instruction is being executed for internal 
operation, no instruction other than the busy 
flag/address read instruction can be executed. 


Because the busy flag is set to 1 while an 
instruction 1s being executed, check it to make 
sure it is 0 before sending another instruction from 
the MPU. | 


Note: Be sure the HD66712 is not in the busy 


‘State (BF = 1) before sending an instruction 
from the MPU to the HD66712. If an 
instruction is sent without checking the 
busy flag, the time between the first 
instruction and next instruction will take 
much longer than the instruction time itself. 
Refer to table 11 for the list of each instruc- 
tion execution time. 
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Instruction Description 
Clear Display 


Clear display writes space code (20)H (character 
pattern for character code (20)H must be a blank 
pattern) into all DD RAM addresses. It then sets 
DD RAM address 0 into the address counter, and 
returns the display to its original status if it was 
shifted. In other words, the display disappears and 
the cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). It 
also sets I/D to 1 (increment mode) in entry mode. 
S of entry mode does not change. 


Return Home 


Return home sets DD RAM address 0 into the 
address counter, and returns the display to its 
Original status if it was shifted. The DD RAM 
contents do not change. | 


The cursor or blinking goes to the left edge of the 
display (in the first line if 2 lines are displayed). 
In addition, flicker may occur in a moment at the 
time of this instruction issue. 


Entry Mode Set 


L/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character code 
is written into or read from DD RAM. 


The cursor or blinking moves to the right when 
-incremented by 1 and to the left when 
decremented by 1. The same applies to writing 
and reading of CG RAM and SEG RAM. 


S: Shifts the entire display either to the right 


(I/D = 0) or to the left (I/D = 1) when S is 1 during 
DD RAM write. The display does not shift if S is 
0..: 


If S is 1, it will seem as if the cursor does not 
move but the display does. The display does not 
shift when reading from DD RAM. Also, writing 
into or reading out from CG RAM and SEG RAM 
- does not shift-the display. In a low power mode 
(LP = 1), do not set S = 1 because the whole 
display does not normally shift. 


Display On/Off Control 


When extension register enable bit (RE) is 0, bits 
D, C, and B are accessed. 


D: The display is on when D is 1 and off when D 
is 0. When off, the display data remains in DD 
RAM, but can be displayed instantly by setting 
Dtol. 


C: The cursor is displayed when C is 1 and not 
displayed when C is 0. Even if the cursor 


disappears, the function of I/D or other 


specifications will not change during display data 
write. The cursor is displayed using 5 dots in the 
8th line for 5 x 8 dot character font. 


B: The character indicated by the cursor blinks 
when B is 1 (figure 16). The blinking is displayed 
as switching between all blank dots and displayed 
characters at a speed of 370-ms intervals when fep 
or fosc is 270 kHz. The cursor and blinking can 
be set to display simultaneously. (The blinking 
frequency changes according to fosc or the 
reciprocal of fcp. For example, when fep is 
300 kHz, 370 x 270/300 = 333 ms.) 


Extended Function Set 


When the extended register enable bit (RE) is 1, 
FW, B/W, and NW bit shown below are accessed. 
Once these registers are accessed, the set values 
are held even if the RE bit is set to zero. 


FW: When FW is 1, each displayed character is 


controlled with a 6-dot width. The user font in CG 


RAM is displayed with a 6-bit character width 
from bits 5 to 0. As for fonts stored in CG ROM, 
no display area is assigned to the leftmost bit, and 
the font is displayed with a 5-bit character width. 
If the FW bit is changed, data in DD RAM and CG 
RAM SEG RAM is destroyed. Therefore, set FW 
before data is written to RAM. When font width 
is set to 6 dots, the frame frequency decreases to 
5/6 compared to 5-dot time. See "Oscillator 
Circuit" for details. 


B/W: When B/W is 1, the character at the cursor 
position is cyclically displayed with black-white 
invertion. At this time, bits C and B in display 
on/off control register are "Don't care". When fcp 
or fosc is 270 kHz, display is changed by 
switching every 370 ms. 
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NW: When NW is 1, 4-line display is performed. 
At this time, bit N in the function set register is 
"Don't care". 


ii) Blink display example 





Alternating : 
display : 


i) White-black inverting 
display example 


a) Cursor Blink Width Control 


i) 5-dot character width _ ii) 6-dot character width 


b) Font Width Control 





Figure 16 Example of Display Control 
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Cursor or Display Shift 


Cursor or display shift shifts the cursor position or 
display to the right or left without writing or 
reading display data (table 9). This function is 
used to correct or search the display. In a 2-line 
display, the cursor moves to the second line when 
it passes the 40th digit of the first line. In a 4-line 
display, the cursor moves to the second line when 
it passes the 20th character of the line. Note that, 
all line displays will shift at the same time. 
When the displayed data is shifted repeatedly each 
line moves only horizontally. The second line 
display does not shift into the first line position. 
When this instruction is executed, extended 
register enable bit (RE) is_ reset. 
The address counter (AC) contents will not change 
if the only action performed is a display shift. 
In low power mode (LP = 1), whole-display shift 
cannot be normally performed. 


Scroll Enable 


When extended register enable bit (RE) is 1, 
scroll enable bits can be set. 


Function Set 


Only when the extended register enable bit (RE) is 
1, the BE and the LP bits shown below can be 
accessed. Bits DL and N can be accessed 
regardless of RE. 


Table 9 Shift Function 


s/C R/L 
0 0 
0 4 
1 0 
1 ae. 


DL: Sets the interface data length. Data is sent or 
received in 8-bit lengths (DB7 to DBo) when 
DL is 1, and in 4-bit lengths (DB7 to DB4) when 
DL is 0. When 4-bit length is selected, data must 
be sent or received twice. 


N: When bit NW in the extended function set is 0, 


a 1- or a 2-line display is set. When N is 0, 1-line | 
display is selected; when N is 1, 2-line display is 
selected. When NW is 1, a 4-line display is set. 
At this time, N is "Don't care”. 


RE: When bit RE is 1, bit BE in the extended 
function set register, the SEGRAM address set 
register, and the function set register can be 
accessed. When bit RE is 0, the registers 
described above cannot be accessed, and the data 
in these registers is held. | 


To maintain compatibility with the HD44780, the 


RE bit should be fixed to 0. 


BE: When the RE bit is 1, this bit can be 
rewritten. When this bit is 1, the user font in 
CGRAM and the segment in SEGRAM can be 
blinked according to the upper two bits of 
CGRAM and SEGRAM. 


Shifts the cursor position to the left. (AC is.decremented by one.) 

Shifts the cursor position to the right. (AC is incremented by one.) 
Shifts the entire display to the left. The cursor follows the display shift. 
Shifts the entire display to the right. The cursor follows the display shift. 
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LP: When bit RE is 1, this bit can be rewritten. 
When LP is set to 1 and the EXT pin is low 
(without an extended driver), the HD66712 
operates in low power mode. In 1-line display 
mode, the HD66712 operates on a 4-division 
clock, and in a 2-line or a 4-line display mode, the 
HD66712 operates on a 2-division clock. 
According to these operations, instruction 
execution takes four times or twice as long. Note 
that in low power mode, display shift cannot be 
performed. The frame frequency is reduced to 5/6 
that of normal operation. See "Oscillator Circuit" 
for details. 

Note: Perform the DL, N, NW, and FW fucntions 
at the head of the program before executing any 
instructions (except for the read busy flag and 
address instruction). From this point, if bits N, 
NW, or FW are changed after other instructions 
are executed, RAM contents may be broken. 


Set CG RAM Address 


A CG RAM address can be set while the RE bit is 
cleared to 0. 


Set CG RAM address into the address counter 
displayed by binary AAAAAA. After this address 
set, data is written to or read from the MPU for 
CG RAM. 


Set SEGRAM Address 


Only when the extended register enable (RE) bit is 
1, HS2 to HSO and the SEGRAM address can be © 
set. 


The SEGRAM address in the binary form AAAA 
is set to the address counter. After this address set, 
SEGRAM can be written to or read from by the 
MPU. 


HD66712 


Set DD RAM Address 


A DD RAM address can be set while the RE bit is 
cleared to 0. Set DD RAM address sets the DD 
RAM address binary AAAAAAA into the address 
counter. 


After this address set, data is written to or read 
from the MPU for DD RAM. 


However, when N and NW is 0 (1-line display), 
AAAAAAA can be (00)H to (4F)H. When N is 1 
and NW is 0 (2-line display), AAAAAAA is (00) 
H to (27)H for the first line, and (40)H to (67)H 
for the second line. When NW is 1 (4-line 
display), AAAAAAA is (00)H to (13)H for the 
first line, (20)H to (33)H for the second line, (40)H 
to (53)H for the third line, and (60)H to (73)H for 
the fourth line. 


Set Scroll Quantity 


When extended registor enable bit (RE) is 1, 
HDS5 to HDSO can be set. 


HDS5 to HDSO specifies horizontal scroll quantity 
to the left of the display in dot units. The 
HD66712 uses the unused DDRAM area to 
execute a desired horizontal smooth scroll from 1 
to 48 dots. 


Note: When performing a horizontal scroll as 
described above by connecting an extended driver, 
the maximum number of characters per line 
decreases by the quantity set by the above 
horizontal scroll. For example, when the 
maximum 24-dot scroll quantity (4 characters) is 
used with 6-dot font width and 4-line display, the 


‘maximum numbers of characters is 20 — 4 = 16. 


Notice that in low power mode (LP = 1), display 
shift and scroll cannot be performed. 
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Réad Busy Flag and Address 


Read busy flag and address reads the busy flag 
(BF) indicating that the system is now internally 
operating on a previously received instruction. If 
BF is 1, the internal operation is in progress. The 
next instruction will not be accepted until BF is 
reset to 0. Check the BF status before the next 
write operation. At the same time, the value of the 
address counter in binary AAAAAAA is read out. 
This address counter is used by both CG, DD, and 
SEG RAM addresses, and its value is determined 
by the previous instruction. The address contents 
are the same as for CG RAM, DD RAM, and SEG 
RAM address set instructions. — 


Write Data to CG, DD, or SEG RAM 


This instruction writes 8-bit binary data 
DDDDDDDD to CG, DD or SEG RAM. CG, DD 
or SEG RAM is selected by the previous 
specification of the address set instruction (CG 
RAM address set / DD RAM address set / SEG 
RAM address set). After a write, the address is 
automatically incremented or decremented by 1 
according to the entry mode. The entry mode also 
determines the display shift direction. 


Read Data from CG, DD, or SEG RAM 


This instruction reads 8-bit binary data 
DDDDDDDD from CG, DD, or SEG RAM. CG, 
DD or SEG RAM is selected by the previous 
specification of the address set instruction. If no 
address is specified, the first data read will be 
invalid. When executing serial read instructions, 


Table 10 HSS to HSO Settings 


the next address is normally read from the next 
address. An address set instruction need not be 
executed just before this read instruction when 
shifting the cursor by a cursor shift instruction 
(when reading from DD RAM). A cursor shift 
instruction is the same as a set DD RAM address 
instruction. 


After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
a display shift is not executed regardless of the 
entry mode. 


Note: The address counter (AC) is automatically 
incremented or decremented after write 
instructions to CG, DD or SEG RAM. The 
RAM data selected by the AC cannot be 

-read out at this time even if read 
instructions are executed. Therefore, to 
read data correctly, execute either an 
address set instruction or a cursor shift 
instruction (only with DD RAM), or 
alternatively, execute a preliminary read 
instruction to ensure the address is correctly 
set up before accessing the data. 


HDSS HDS4 HDS3 HDS2 HDS1 HDSO Description 


0 0 0 0 0 
0 0 0 0 0 


No shift 
Shift the display position to the 


| left by one dot. 


0 0 0 0 1 


Shift the display position to the 


left by two dots. 


0 0 0 0 1 


Shift the display position to the 


left by three dots. 


— [858 


1 0 1 1 


Shift the display position to the 


| left by forty-seven dots. 


1 1 e e r 


Shift the display position to the 
left by forty-eight dots. 
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Table 11 Instructions 


Execution Time 





RE Code (max) (when fep or 
Instruction bit RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO Description fosc is 270 kHz) 
Clear 0/1 0 O 0 0 0 0 0 0 0 1 Clears entire display and 
display sets DD RAM address 0 1.52 ms 
in address counter. 
Return 0/1 0 O 0 0 0 0 0 0 1- =— Sets DD RAM address 0 
home IN address counter. Also 
returns display from 1.52 ms 
being shifted to original 
position. DDRAM cont- 
ents remain unchanged. 
Entry 010 0 0 0 0 0 0 1 VD S$ Sets cursor move 
mode set direction and specifies 
display shift. These 37 is 
operations areperformed 
during data write and read. 
Display 0 0 0 0 0 0 0 1 DBD Cc B Sets entire display (D) 
on/off | on/off, cursor on/off (C), 37 ps 
control and blinking of cursor 
position character (B). 
Extension 1 0 O 0 0 0 OQ 1 FW B/W NW Sets a font width, a black- . 
function white inverting cursor 37 ps 
set (B/W), and a 4-line 
display (NW). 
Cursor or 0 oO O 0 o O 1 S/C R/L — —  - Moves cursor and shifts 
display display without changing 37 us 
shift DD RAM contents. 
Scrollenable 1 0 0 0 0 0 1. HSEHSE HSE HSE Specifies which display 
. lines to undergo horizont- 37 us 
al smooth scroll. 
Function 0 0 0 0 0 1 DL N RE — — _ Sets interface data length 
set (DL), number of display 37 ps 
lines (L), and extension 
register write enable (RE)). 

1 0 0 0 0 1 DL N RE BE LP SetsCGRAWSEGRAM 
blinking enable (BE), and 
power-down mode (LP). 37 us 
LP is available when the 
EXT pin is low. 

Set 0 0 0 0 1 Aca Aca Aca Acc Aca Acc Sets CG RAM address. 
CGRAM CG RAM data is sent and 37 ps 
address received after this setting. 
Set 1 0 0 0 41 + * *  AseaAsecAsec Asec Sets SEGRAM address. 
SEGRAM. DDRAM data is sent and 
address set received after this setting. 37 ps 
Also sets a horizontal dot 
. scroll quantity (HDS). 
Set DDRAM O 0 0 1 Aop App Apo App Apo App App Sets DD RAM address. 
address DD RAM data is sent and 37 ps 
received after this setting. 
Set scroll 1 OO O 714 * HDS HDSHDSHDS HDS HDS Sets horizontal dot scroll 37 ps 
quantity quantity. 
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Table 11 Instructions (cont) 


Execution Time 





RE Code (max) (when fep or 
instruction bit RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Description fosc is 270 kHz) 
Readbusy 0/1 0 1 BF AC AC AC AC AC AC AC_ Reads busy flag (BF) 
flag & } | indicating internal operat- 
address ion is being performed Ops 

and reads address 
counter contents. 
Writedata 0/1 1 0 Write data Writes data into DD RAM, 37 ps | 
to RAM CG RAM, or SEGRAM. _ tapp = §.5 ps* 
‘Readdata 0/1 1 #1 Read data Reads data from DD RAM, 37 ps 
from RAM CG RAM, or SEGRAM. _ taop = 5.5 ps* 
/D =1: Increment DD RAM: Display data RAM 
/D =0: Decrement Avo: DD RAM address (corresponds to 
S  =1: Accompanies display shift cursor address) 
D =1: Display on CG RAM: Character generator RAM 
C =1: Cursor on Aca: CG RAM address: 

B =1: Blinkon SEGRAM: Segment RAM 

FW =1: 6-dot font width Asea: Segment RAM address 

B/W = 1: Black-white inverting cursor on HSE: Specifies horizontal scroll lines 

NW =1: Four lines HDS: Horizontal dot scroll quantity 

NW =0: One or two lines AC: Address counter used for both DD, CG, 

S/C =1: Display shift . and SEG RAM addresses. 

S/C =0: Cursor move 

R/L = 1: Shift to the right 

R/L =0: Shift to the left 

DL =1: 8bits, DL=0: 4 bits 

N =1: 2lines,N=0: 1 line 

RE =1: Extension register access enable 

BE =1: CGRAMSEGRAM blinking enable 

LP =1: Low-power mode 

BF = 1: Internally operating 

BF =0: Instructions acceptable 
Note: 1. — indicates no effect. 


*After execution of the CG RAM/DD RAM data write or read instruction, the RAM address counter is 
incremented or decremented by 1. The RAM address counter is updated after the busy flag turns off. 
In figure 18, tanp is the time elapsed after the busy flag turns off until the address counter is updated. 


2. Extension time changes as frequency changes. For example, when f is 300 kHz, the execution time is: 
37 ps x 270/300 = 33 ps. 


3. Execution time in a low-power mode (LP = 1 & EXT = low) becomes four times for a 1-line mode, and 
twice for a 2- or 4-line mode. 


452 HITACHI 








HD66712 


Busy state <—— Busy state 


(DB, pin) 


Address counter 
(DBy to DBg pins) 


——_———P>, 
tapp 


tapp depends on the operation frequency. 
taop = 1.5/(fcp or fosc ) seconds 





Figure 18 Address Counter Update 
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Interfacing the HD66712 


— Interface with 8-Bit MPUs 


The HD66712 can interface directly with an 8-bit When the number of 1/O ports in the MCU, or the 
MPU using the E clock, or with an 8-bit MCU interfacing bus width, if limited, a 4-bit interface 
through an I/O port. function is used. 





Internal Internal operation 


signal 


DB7 1X vaa X///// Busy WU aus ////N Bus Mi) (data X{// 


Instruction 


Instruction Busy flag check | Busy flag check | Busy flag check | | 


write 





Figure 19 Example of 8-Bit Data Transfer Timing Sequence 
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i) Bus line interface 


A15 
HD6800 LCD-II/F12 





li) VO port interface 


DBO-DB7 





Figure 20 8-Bit MPU Interface 
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— Interface with 4-Bit MPUs 


The HD66712 can interface with a 4-bit MCU The DL bit in function-set selects 4-bit or 8-bit 
through an I/O port. 4-bit data representing high interface data length. 
and low order bits must be transferred sequentially. 


Internal Internal operation 


signal . 


ver 7 Kea we X71 eo 208 ITI seev [008 X07 Y o2 


| Instruction 


Instruction 
write Busy flag check 


| Busy flag check weite 





Figure 21 Example of 4-Bit Data Transfer Timing Sequence 


HMCS4019R- LCD-I/F12 
D15 RS 


D14 RW 
D13 E 


R10-R13 bee DB4 -DB7 





Figure 22 4-bit MPU Interface 
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Oscillator Circuit 


1) When an external clock is used 2) When an internal oscillator is used The oscillator frequency can be 


adjusted by oscillator resistance 

(Rf). If Rf is increased or power 

supply voltage is decreased, the 

OSC1 oscillator frequency decreases. 

OSC2 The recommended oscillator 
resistor is as follows. 


LCD-IVF12 LOD-IV/F12 


RE = 91 kQ + 2% (Veo = 5 V) 
* Rf = 75 kQ + 2% (Voc = 3 V) 





Figure 23 Oscillator Circuit 





(1) 147 duty cycle 
_1-line selection period 


Normal Display Mode (LP = 0) Low Power Mode (LP = 1) 


item 5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width 
Line selection period 200 clocks 240 clocks 60 clocks 72 clocks 
Frame frequency 79.4 Hz 66.2 Hz 66.2 Hz 55.1 Hz 


Note: At the calculation example above for displayed frame frequency, all oscillator frequencies are 270 kHz 
(1 clock = 3.7 ps). 


(2) 1 /33 duty cycle 
1-line selection period 
| 
4 7. 9 '].-@) 0 [Lececusce | 2991 991-4 1b O18. Pewcce cc 


Normal Display Mode (LP = 0) Low Power Mode (LP = 1) 


item 5-Dot Font Width 6-Dot Font Width 5-Dot Font Width 6-Dot Font Width 
Line selection period 100 clocks 120 clocks 60 clocks 72 clocks 


Frame frequency 81.8 Hz 68.2 Hz 68.2 Hz 56.8 Hz 





Note: At the calculation example above for displayed frame frequency, ail oscillator frequencies are 270 kHz 
(1 clock = 3.7 us). 


Figure 24 Frame Frequency 
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Power Supply for Liquid Crystal 
Display Drive 
1) When an external power supply is used 





2) When an internal booster is used 


(Boosting twice) (Boosting three times) 


Vec 





Notes 1. Boosted output voltage should not exceed the maximum value (13 V) of the liquid crystal 
power supply voltage. Especially, a voltage of over 4.3 V should not be input to the reference 
voltage (Vci) when boosting three times. 

2. A voltage of over 5.5 V should not be input to the reference voltage (Vci) when boosting twice. 


_ Figure 25 Example of Power Supply for Liquid Crystal Display Drive 


Table 12 Duty Factor and Power Supply for Liquid Crystal Display Drive 


Item Data 

Number of Lines 1 2/4 

Duty factor 1/17 1/33 

Bias 1/5 1/6.7 

Dividedresistance RR A 
RO R 2.7R 


Note: R changes depending on the size of liquid crystal penel. Normally, R must be 2 kQ to 10 kQ. 
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Extension Driver LSI Interface 


By bringing the EXT pin high, extended driver 
interface signals (CL1, CL2, D, and M) are output. 


b) When using the extension driver 
(EXT = High, 5-dot font width) 


a) 1-chip operation 
(EXT = Low, 5-dot font width) 


Vcc 


EXT 
EXT 
LCD-W/F12 


SEGI-— 
SEG60 





| 
j24 x 2-line display 


Extension driver 





Figure 26 HD66712 and the Extension Driver Connection 


Table 13 Relationships between the Number of Display Lines and 40-Output Extension Driver 





ontroiler 
LCD-lI/F12 LCD-II/F8 HD44780 HD66702 

Display Lines 5-Dot Width 6-Dot Width 5-Dot Width 6-Dot Width 5-Dot Width 5-Dot Width 
16 x 2 lines Not required Notrequired Not required 1 1 Not required 
20 x 2 lines Not required Notrequired 1 1 2 Not required 
24 x 2 lines Not required 1 1 2 2 1 

40 x 2 lines Disabled Disabled Disabled Disabled 4 3 

12 x 4 lines Not required 1 1 1 Disabled Disabled 

16 x 4 lines 1 1 1 2 Disabled Disabled 

20 x 4 lines 1 2 2 3 Disabled Disabled 





Note: The number of display lines can be extended to 32 x 2 lines or 20 x 4 lines in the LCD-II/F 12. 
The number of display lines can be extended to 30 x 2 lines or 20 x 4 lines in the LCD-IV/F8. 
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Table 14 Display Start Address in Each Mode 


Number of Lines 














1-Line Mode | 2-Line Mode 4-Line Mode 
Output 5 dot 6 dot 5 dot 6 dot 5 dot/6 dot 
COM1-COMS8 — Doo+t1 DOoOo+t1 DOO+t1 Doo+1 Doo+1 
COM9-COM16 DOC+1 DOA+1 DOC+1 DOA+1 D20+1 
COM17—COM24 — — D40+1 D40+1 D40+1 
COM25—COM32 — — D4C+1 D4A+1 D60+1 
COM0/COM17 S00 S00 — — — 
COM0/COM33 — _— Soo S00 S00 





Notes: 1. The number of display lines is determined by setting the N/NW bit. The font width is 
determined by the FW bit. 


D** is the start address of display data RAM (DDRAM). 
$** is the start address of segment RAM (SEGRAM). 


+1 following D** indicates increment or decrement at display shift. 
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a) 5-dot font width: 32 x 2-line display 


123 45 67 8 9 101112 13 141516 1718 19 20 212223 24 25 262728 29 3031 32 


com-come foofede|ofolf fof feel lof of Le fel HL oll fff como-comre 
comr-cones flofefol fell lf fete) fll lolol lolol Hof e teed ete comes-conoe 


LCD-IWF 12 LCD-IVF12 Extension 
SEG1-SEG60 SEG1-SEG60 driver 
Seg!—Seg40 


b) 6-dot font width: 24 x 2-line display 


12345 6789 10 111213 14151617181920 21222324 
comcome oleh 9 fo Pll fell $21 Helo} cone-com 
comrcone felled oly lable 4 r= comas-covea 


LCO-IVF12 LCD-IVF12 Extension 
SEG1-SEG60 SEG1-SEG60 driver 
Seg 1-Seg24 





c) 5-dot font width: 20 x 4-line display 


12345 6 78 9 101112 13141516 17 1819 20 


coms-coma|> | of of of of oefo7| eo off oohef cf nf 06 [1] vf #9] 
See CC ECCOGCGOGSGCOGnCE 
pepeme ccc CCCOCCEOC,CCCOGUCE 


LCD-iVF12 Extension 


SEGi-SEG60 driver 
Seg 1-Seg40 


d) 6-dot font width: 20 x 4-line display 
1234567 89 10 111213141516 171819 20 


comtcoma =f ef of ofc] floor] og ffl fof oo] a] 
COM9-COM16— 2 21] 24 23] 2428/20] 2 29 >of an] | ac] af ae zr [0] of e2/ of 
COM17-COM24—f “| -f 2] efes[a] a off [| acl of oe [59] 5 2] 9 
Comas-comaz—] %*%] 9] efe5| oof e7| ao oo}afen]eo| eof xf ox or[70] 7] 72/74 

LCD-IVF 12 Extension Extension 


SEG1-~SEG60 driver (1) driver (2) 
Segi-Seg40 Segi-Seg20 





Figure 27 Correspondence between the Display Position at Extension Display and the DDRAM 
Address 
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Interface to Liquid Crystal Display the number of display lines, EXT pin, and register 
| value is given below. 

Set the extended driver control signal output, the 

number of display lines, and the font width with 

the EXT pin, an extended register NW, and the 

FW bit, respectively. The relationship between the 


Table 15 Relationship between Display Lines, EXT Pin, and Register Setting 


5 Dot Font 6 Dot Font 
No of No. of EXT Extended Registor Setting EXT Extended Registor Setting 
Lines Character Pin Driver N RE NW FW Pin Driver N RE NW FW Duty 





1 20 A. 0000 tt — 0 1 0 1 #417 
24 LC 0000 H 1 0 1 0 1 17 
40 H 2 00 00 4H 8 0 1 0 1 147 
2 20 Ll — 100o0kb:L — 1 #1 0 #1 ~~ 1/3 
24 C= 100 0 4H 1 1 1 0 1 1/43 
32 H 1 100 0 4H 2 1 $1 #0 #41 += 41/33 
4 12 lL 1. + -O OH 4 *“ 4 14 1 1/83 
16 H 1 “4 14 0 H 1 *“ 4 4 1 = 1/33 
20 H 1 * 4 1 0 H 2 *“ 4 14 1 1233 





Note: — means not required. 
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¢ Example of 5-dot font width connection 


bi Zeal 





‘ Note: COMO and 


COM17 output the 
same signals. 


Apply them 


according to the 
wiring pattern. 





Figure 28 24 x 1-Line + 60-Segment Display (5-dot font, 1/17 Duty) 


24 


1 


LOD-II/F12 


Note: COMO and 


COMS33 output the 
same signals. 


Apply them 
according to the 


HN 


Te 
Sadun OSU eRe 
Se te 
Sit ete fT 
Tob boll boebool! _ 


BOUNTY CUA MB AV HVA 


Site il 


SQRC4R RSCTA Aaeems 


Sisies SeEE 





Figure 29 24 x 1-Line + 60-Segment Display (5-dot font, 1/33 Duty) 
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12 


2 Ske Sea ce ee wees ee te eH ele Eis eee eee eS ee ae Sc 





LCD-II/F 12 


Apply them according to the 


Note: COMO and COM33 
output the same signals 
wiring pattern. 
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Figure 30 12 x 4-Line + 60 Segment Display (5-Dot Font, 1/33 Duty) 
12 


ves 
SSossss 
ag 


OOS 


Apply them according to the 


Note: COMO and COM33 
wiring pattern. 


output the same signals. 


pit it Tr a 
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Note: COMO and COM33 


output the same signals. 


11 wnreeeceeeeeeeeee-= 20 


10 


| 


LCD-IVF12 


Apply them according to the 


wiring pattern. 


pil bit A! basa bh bf 


Leb lee mh eT i 





aaa & all 


e-NoTvNe 


S&8088 88 


aasaeae 


i 





Figure 32 20 x 2-Line + 60 Segment Display (6-Dot Font, 1/33 Duty) 
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Instruction and Display Correspondence 
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8-bit operation, 24-digit x 1-line display with 
internal reset 


Refer to table 16 for an example of an 
24-digit x 1-line display in 8-bit operation. 
The LCD-II/F12 functions must be set by the 
function set instruction prior to the display. 
Since the display data RAM can store data for 
80 characters, a character unit scroll can be 
performed by a display shift instruction. A dot 
unit smooth scroll can also be performed by a 
horizontal scroll instruction. Since data of 
display RAM (DDRAM) is not changed by a 
display shift instruction, the display can be 
returned to the first set display when the return 
home operation is performed. 


4-bit operation, 24-digit x 1-line display with 
internal reset 


The program must set all functions prior to the 
4-bit operation (see table 17). When the power 
is turned on, 8-bit operation is automatically 
selected and the first write is performed as an 
8-bit operation. Since DBo to DB3 are not 
connected, a rewrite is then required. 
However, since one operation is completed in 
two accesses for 4-bit operation, a rewrite is 
needed to set the functions. Thus, DB4 to DB7 
of the function set instruction is written twice. 


8-bit operation, 24-digit x 2-line display with 
internal reset 


For a 2-line display, the cursor automatically 
moves from the first to the second line after 
the 40th digit of the first line has been written. 
Thus, if there are only 16 characters in the first 
line, the DD RAM address must be again set 
after the 16th character is completed. (See 
table 18.) 
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The display shift is performed for the first and 
second lines. If the shift is repeated, the 
display of the second line will not move to the 
first line. The same display will only shift 
within its own line for the number of times the 
shift is repeated. 


8-bit operation, 12-digit x 4-line display with 
internal reset 


The RE bit must be set by the function set 
instruction and then the NW bit must be set by 
an extension function set instruction. In this 
case, 4-line display is always performed 
regardless of the N bit setting (see table 19). 


In a 4-line display, the cursor automatically 
moves from the first to the second line after 
the 20th digit of the first line has been written. 
Thus, if there are only 8 characters in the first 
line, the DD RAM address must be set again 
after the 8th character is completed. Display 
shifts are performed on all lines 
simultaneously. 


Note: When using the internal reset, the 


electrical characteristics in the Power 
Supply Conditions Using Internal Reset 
Circuit table must be satisfied. If not, the 
LCD-II/F12 must be initialized by 
instructions. See the section, Initializing 
by Instruction. 
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Table 16 8-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset 


Step Instruction 


No. 


1 


5 


10 


RS R/WD7 D6 D5 D4 D3 D2 D1 DO 
Power supply on (the HD66712 is initialized by 


the internal reset circuit) 


Function s set 
RS RMWD7 
0 0 0 0 1 1 0 


Display on/off control 
0 0 0 0 0 90 1 


Entry mode set 
0 0 0 0 0 0 90 


Write data to CG RAM/DD RAM 
1 0 O 141 0 0 1 


Write data to CG RAM/DD RAM 
1 0 O 141 0 0 1 


Write data to CG RAM/DD RAM 
| 0 0 1 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CG RAM/DD RAM 
1 0 0 0 1 0 0 


0 


0 


De Ds Da Ds Do Dri 


* 


0 


Display 
Ce eet 
* 
ee 
a ne 
0 
FHL 
' HI 
: 
HITACHI 


Operation 
Initialized. No display. 


Sets to 8-bit operation and 
selects 1-line display. 
Bit 2 must always be cleared. 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 

Display is not shifted. 


Writes H. DD RAM has 
already been selected by 
initialization when the power 
was turned on. 


Writes |. 


Writes |. 
Sets mode to shift display at 


the time of write. 


Writes a space. 
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Table 16 8-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset (cont) 


Step Instruction 


No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


468 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Write data to CG RAM/DD RAM 
1 Oo O 1 0 0 1 


Cursor or display shift 
0 0 0 0 0 1 0 


Cursor or display shift 
0 0 0 0 0 1 =O 


Write data to CG RAM/DD RAM 
1 0 0 141 0 0 O 


Cursor or display shift 
0 0 Q 0 9 1 1 


Cursor or display shift 
0 0 0 0 0 1 #0 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Return home 
0 0 0 0 0 0 0 


1 


Display 

0 4 TACHI M_ 
1 4 MICROKO_ 
ok MICROKO 
36 MICROKO 
+ 4 ICROCO 

i. - oe MICROCO_ 
0 4 ICROCOM_ 
1 0 HITACHI 

HITACHI 


Operation 
Writes M. 


Writes O. 


Shifts only the cursor position 
to the left. 


Shifts only the cursor position 
to the left. 


Writes C over K. 
The display moves to the left. 


Shifts the display and cursor | 
position to the right. 


Shifts the display and cursor 
position to the right. 


Writes M. 


Returns both display and cursor 
to the original position 
(address 0). 
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Table 17 4-Bit Operation, 24-Digit x 1-Line Display Example with Internal Reset 


Step Instruction 


No. 
1 


NO |. 


ie) 


> 


on 


Oo 


N 


RS RWWD7 D6 D5 D4 D3 D2 D1 DO 
Power supply on (the HD66712 is initialized by 


the internal reset circuit) 


Function set 
RS RWD7 De Ds Da Ds 
‘@) 0 0 0 1 0 


Function set 
0 0 0 0 1 0 - 
0 0 0 0 * * = 


Display on/off control 
0 0 0 0 0 
0 0 14 14 14 0 = 


Entry mode set 


0 0 0 0 0 0 - 
0 0 0 41 141 0 = 
Write data to CG RAM/DD RAM 


1 0 O 141 0 0 = 
1 O 1 0 0 0 = 


D2 


Di 


Display 


ees 


Operation 
Initialized. No display. 


Sets to 4-bit operation. 

Clear bit 2. In this case, 
operation is handled as 8 bits 
by initialization. 


Sets 4-bit operation and selects 
1-line display. Clear bit 2. 

4-bit operation starts from 

this step. 


Turns on display and cursor. 
Entire display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the DD/CG RAM. 
Display is not shifted. 


Writes H. 
DDRAM has already been 
selected by initialization. — 


Based on 8-bit operation after 
this instruction. 





Note: The control is the same as for 8-bit operation beyond step #6. 
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Table 18 8-Bit Operation, 24-Digit x 2-Line Display Example with Internal Reset 


Step Instruction 


N 


1 


Power supply on (the HD66712 is initialized by 


the internal reset circuit) 


Function set 


RS R/WDB7 DBe DBs DBs DBs DB2 


0 0 0 0 14 1 1 


Display on/off control 
0 0 0 0 0 0 1 


Entry mode set 
0 0 0 0 0 0 0 


Write data to CG RAM/DD RAM 
1001 0 0 1 


o. RS RW D7 D6 DS D4 D3 D2 D1 DO _ Displa 


1 


WL 


Operation : 





Initialized. No display. 


Sets to 8-bit operation and 
selects 2-line display. 
Clear bit 2. 


Turns on display and cursor. 
All display is in space mode 
because of initialization. 


Sets mode to increment the 
address by one and to shift the 
cursor to the right at the time of 
write to the RAM. 

Display is not shifted. 


Writes "H". DD RAM has 
already been selected by 
initialization at power-on. 





7 


8 


470 


Write data to CG RAM/DD RAM 
1 0 0 1 0 0 1 


Set DD RAM address 


HITACHI Writes I. 


0 0 1 1 0 0 0 0 0 0° fyRKEA 


HITACHI 


Sets DD RAM address so that 


the cursor is positioned at the 


head of the second line. 
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Table 18 8-Bit Operation, 24-Digit x 2-Line Display Example with Internal Reset (cont) 


Step Instruction | 
No. RS R/WD7 D6 DS D4 D3 D2 D1 DO Display Operation 





9 Write data to CG RAM/DD RAM Writes a space. 

10 

11. Write data to CG RAM/DD RAM —— Writes O. 
100% 00% 41 1 

12 Entry mode set acne Sets mode to shift display at 
0 00 0 000% 1 41 HLTACHT the time of write. 

13. Write data to CG RAM/DD RAM Writes M. 
1 0 0 1 0 0 4 14 0 1 

14 

17 Return home Frcs Returns both display and cursor 
0 0 0 0 0 0 0 0 1 to the original position 

gece (address 0). 
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Table 19 8-Bit Operation, 12-Digit x 4-Line Display Example with Internal Reset 


Step instruction 
No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO ODispla Operation 


Initialized. No display. 





1 Power supply on (the HD66712 is initialized by 
the internal reset circuit) 


Sets 8-bit operation and 
enables write to the extension 
register. 


2 Function set | 
0 0 Q 0 1 | 0 1 . : 


3 4-line mode set Sets 4-line operation. 


0 0 0 0 0 0 4 0 0 1 


Inhibits write to extension 
register. Invalidates selection 
of 1-line/2-line by bit 3. 


4 Function set 
Inhibit write to extension register 
0 0 0 0 1 14 0 90 


5 Display on/off control 
0 0 0 0 0 0 14 74 1 


Turns on display and cursor. 
Entire display is cleared 
because of initialization. 


Oo 


AAA AAA AAT 


Sets mode to increment the 

address by one and to shift the 
cursor to the right when writing 
to RAM. Display is not shifted. 


6 Entry mode set 
0 0 0 0 0 0 0 14 41 


=) 


7 Write data to CG RAM/DD RAM 
1 0 O 1 0 oO 1 0 Oo O 


Writes H. DDRAM has already 
been selected by initialization. 





9 Write data to CG RAM/DD RAM HITACHI Writes I. 
1 0 0 1 0 0 14 0 0 1 
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Table 19 8-Bit Operation, 12-Digit x 4-Line Display Example with Internal Reset (cont) 


Step Instruction 


No. RS R/WD7 D6 D5 D4 D3 D2 D1 DO Display Operation 
10 Set DD RAM address Sets DD RAM address to (20)H 
0 0 1 0 1 0 0 0 0 0 nae so that the cursor is positioned 
a at the beginning of the second 
fase 
11 Write datato CG RAM Writes 0. 
100 0 1 14 0 000 {0 | 
ee se 
Pace itl 
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Initializing by Instruction 





If the power supply conditions for correctly _ initialization by instructions becomes necessary. 
operating the internal reset circuit are not met, 


° Initializing when a length of interface is 8-bit system 


Power on 


* Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vcc = 5 V during operation) 
¢ Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3 V during operation) 


RS RW DB, DB. DBs DB, DBz DBs DB; DBp BF cannot be checked before this instruction. 
1 * 


0 0 0 0 1 seater: Function set (Interface is 8 bits long.) 


Wait for more than 4.1 ms 


RS R/W DB, DB, DBs DB, DB; DBs DB, DBy BF cannot be checked before this instruction. 


0 0 0 0 1 14 * * * #. Function set (Interface is 8 bits long.) 


Wait for more than 100 us 


RS RW DB, DB, DBs DB, DBs DB2 DB, DBy BF cannot be checked before this instruction. 
1 1 * * * 


* 


0 0 0 Q _ Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instuction 
time. (See table 7.) 


Function set. 
Display off 
Display clear 


Entry mode set 


Initialization ends 





Figure 33 Initializing Flow of 8-Bit Interface 
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¢ Initializing when a length of interface is 4-bit system. 


Power on 


* Wait for more than 15 ms 
after Vcc rises to 4.5 V 
(Vec = 5 V during operation) 
¢ Wait for more than 40 ms 
after Vcc rises to 2.7 V 
(Vcc = 3 V during operation) 


RS RWW DB; DB, DBs DB, BF cannot be checked before this instruction. 
0 0 0 0 1 


Function set (Interface is 8 bits long.) 
Wait for more than 4.1 ms 


RS RWOB, DB, DB; DB, _BF cannot be checked before this instruction. 
0 0 0 0 1 


1 
u Function set (Interface is 8 bits long.) 


Wait for more than 100 ps 


RS RW DB; DBs DBs DB, BF cannot be checked before this instruction. 


. 0 00 0 1 41 Function set (Interface is 8 bits long.) 


BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 


instructions is longer than the execution instuction 
time. (See table 7.) 





Function set (4-bit mode). 


Function set (4-bit mode, N specification). 
Display off 
Display clear 


Entry mode set (I/D, S specification) 





Initialization ends 
Figure 34 Initializing Flow of 4-Bit Interface 
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Low Power Mode 


When the extension driver is not used (EXT = 
Low) with extension register enabled (RE = 1), the 
HD66712 enters low power mode by setting the 
low-power mode bit (LP) to 1. During low-power 
mode, as the internal operation clock is divided by 
2 (2-line/4-line display mode) or by 4 (1-line 
display mode), the execution time of each 
instruction becomes two times or four times longer 
than normal. In addition, as the frame frequency 
decreases to 5/6, display quality might be affected. 


In addition, since the display is not shifted in low 
power mode, display shift must be cleared with the 
return home instruction before setting low power 
mode. The amount of horizontal scroll must also 
be cleared (HDS = 000000). Moreover, because 
the display enters a shift state after clearing low- 
power mode, the home return instruction must be 
used to clear display shift at that time. 





Enable extension register 


Clear horizontal scroll quantity | 
HDS = 000000 


Set a low power mode 


RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 


| RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 





Note: The execution time of an instruction in low-power 
mode becomes two times or four times longer than normal. 
The frame frequency also decreases by 5/6. 


| Clear low power mode 


RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBi DBO 





Note: Up until this instruction, execution time is two times or 
four times longer than normal. 





RS R/W DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO 





: Note: Because the display enters a shift state, be sure to 





Figure 38 Usage of Low Power Mode 


execute this instruction. 
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Absolute Maximum Ratings* 





Item Symbol Unit Value Notes 
Power supply voltage (1) Voc V —0.3 to +7.0 1 
Power supply voltage (2) Voc-Vs V —0.3 to +15.0 1,2 
Input voltage Vi V —0.3 to Vcc +0.3 1 
Operating temperature Topr °C —20 to +75 3 
Storage temperature Tstg °C —55 to +125 4 





Note: If the LSI is used above these absolute maximum ratings, it may become permanently damaged. 
Using the LSI within the following electrical characteristic limits is strongly recommended for normal 
operation. If these electrical characteristic conditions are also exceeded, the LSI will malfunction and 
cause poor reliability. : 


DC Characteristics (Vcc = 2.7 V to 5.5 V, Ta = —20 to +75°C"3) 





Item Symbol Min Typ Max Unit Test Condition Notes* 
Input high voltage. (1) Vint 0.7Vcc — Vec V | 6 
(except OSC) | 
Input low voltage (1) Vina —0.3 — 0.2Vcc V Vcc = 2.7 to 3.0 V: 6 
(except OSC}) -0.3 — 0.6 V Vcc = 3.0 to 4.5 V 
Input high voltage (2) = Vin2 0.7Vcc — Vcc V 15 
(OSC}) | 
Input low voltage (2) ViL2 —_ — 0.2Vcc V 15 
(OSC1) | 
Output high voltage (1) Von: 0.75Vcc — — V -loH = 0.1 mA 7 
(Do—D7) 
Output low voltage (1) Vo: — — 0.2Vcc V lo. = 0.1 mA 7 
(Do—D7) 
Output high voltage (2) Vone 0.8Vcc — — V —loH = 0.04 mA 8 
(except Do—D7) 
Output low voltage (2) VoL2 — — 0.2Vcc V lot = 0.04 mA 8 
(except Do—D7) 
Driver ON resistance Rcom = — 20 kQ = tld=0.05mA(COM) = 13 
(COM) 
Driver ON resistance § RseG — — 30 kQ +ld = 0.05 mA (SEG) 13 
(SEG) 
I/O leakage current li —1 — 1 pA Vin = 0 to Vec 9 
Pull-up MOS current ~Ip 10 50 120 pA Vec=3V 
(RESET* pin) | 
Power supply current —_Icc — T.B.D. 1T.B.D. mA — Rroscillation, 10, 14 
| external clock 
Vcc = 3V, fosc = 270 kHz 

LCD voltage Vicp1 3.0 — 13.0 V Vec-Vs, 1/5 bias 16 

Vicp2 3.0 ~~ 13.0 V — Vcc-Vs, 1/4 bias 16 


Note: * Refer to Electrical Characteristics Notes following these tables. 
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BooSter Characteristics 


Item 


Output voltage 
(VSOUT2 pin) 


Output voltage 
(VSOUTS pin) 


Input voltage 


478 


Symbol 
Vup2 


Vup3 


Voi 


Min 


2.5 


ive Max 


TBD — 
TBD — 
= 4.5 
HITACHI 


Unit 


Test Condition 


Vci = 4.5 V, lo = 0.5 mA, 
Ta = 25°C 


Vei = 3 V, lo = 0.3 mA, 
Ta = 25°C 


Notes* 
18 


18 


18 
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AC Characteristics (Vcc = 2.7 V to 5.5 V, Ta = -20 to +75°C">) 


Clock Characteristics (VC = 2.7 V to 5.5 V, Ty = -20 to +75°C">) 


Item Symbol Min Typ Max Unit Test Condition Notes* 
External External clock frequency _fep 125 270 410 kHz 1 
clock © External clock duty Duy 45 50 55 % 
OCU cee ee ee 

External clock rise time trep — —_ 0.2 us 

External clock fall time trep — — 0.2 ws 
Rt Clock oscillation frequency fosc 1990 270 350 kHz Rr=75kQ, 12 
oscillation Vec=3V 


Note: * Refer to the Electrical Characteristics Notes section following these tables. 





System Interface Timing Characteristics (1) (Vcc = 2.7 V to 4.5 V, Ta = —20 to +75° 
c*S) 


Bus Write Operation 

Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycE 1000 — _— ns Figure 39 
Enable pulse width (high level) PWenH 450 — — 

Enable rise/fall time ais ter, tet — _ 25 

Address set-up time (RS,R/WtoE) tts TBD — — 
Addressholdtime = tH 20 — — 

Data set-up time tosw 195 — — 

Data hold time tH 10 — — 

Bus Read Operation 

Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycE 1000. — — ns Figure 40 
Enable pulse width (high level) PWenH 450 — — 

Enable rise/fall time oe tEr, tet — — 25 

Address set-up time (RS, R/W to E) tas TB.D — —_ 

Address hold time tAH 20 — — 

Data delay time tDDR — — 360 

Dataholdtime = = | toHHR 5 — — | 
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Serial Interface Operation 


Item Symbo! Min Typ Max Unit Test Condition 
Serial clock cycle time tscyc 1 —— 20 us Figure 41 
Serial clock (high level width) tSCH 400 _ — ns 

Serial clock (low level width) tSCL 400 — — 

Serial clock rise/fall time tscr, tsct = — = 50 

Chip select set-up time tcsu TB.D — — 

Chip select hold time tCH TBD — — 

Serial input data set-up time tsisu 200 — — 

Serial input data hold time tsi 200 — = 

Serial output data delay time tsop = — 360 

Serial output data hold time tSOH 5 — — 


System Interface Timing Characteristics (2) (Vcc = 4.5 V to 5.5 V, Ta = —20 to +75° 
c*3) 


Bus Write Operation 

Item Symbol Min Typ Max Unit Test Condition 
Enable cycle time teycE 500 > 26 ns Figure 39 
Enable pulse width (high level) § PWen 230 — — | 

Enable rise/fall time | ter, ter — — 20 

Address set-up time (RS, R/W to E) tas TB.D  — = 

Address hold time : tAH 10 — — 

Data set-up time tosw 60 — — 

Data hold time tH 10 — — 

Bus Read Operation 

Item | Symbol Min Typ Max Unit Test Condition 
Enable pulse width (high level) PWEH 230 — — 
Enablerisefalltime $= | tent — $— 20 

Address set-uptime(RS,R/WtoE) ts TBD — — | 
Addressholdtime = = tah 10 — — 

Datadelaytime = = tor — — 160. 

Dataholdtime == |§& tor 5  — — | 
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Serial Interface Sequence 





item Symbol Min Typ Max Unit Test Condition 
Serial clock cycle time tscyc 0.5 — 20 Us Figure 41 
Serial clock (high level width) tSCH 200 — — ns | 
Serial clock (low level width) tSCL 200 — — 

Serial clock rise/fall time __ tscr, tsct. = — = 50 

Chip select set-up time tcsu TB.D — — 

Chip select hold time {CH TB.D = — — 

Serial input data set-up time tsISU 100 — — 

Serial input data hold time {SIH 100 — = 

Serial output data delay time tsoD — _ 160 

Serial outputdataholdtime © tsoH 5 —- —~ 





Segment Extension Signal Timing (Vcc = 2.7 V to 5.5 V, Ta = -20 to +75°C"») 


Item Symbol Min Typ Max Unit Test Condition 
Clock pulse width High level tCWH 800 — — ns Figure 42 
Low level tCWL 800 — _ 
Clock set-up time tcsu 500 — — 
Data set-up time tsuU 300 — — 
Data hold time tDH 300 — — 
M delay time | tom -1000 — 1000 
Clock rise/fall time tet —_ — 100 





Reset Timing (Vcc = 2.7 V to 5.5 V, Ta = -20 to +75°C") 


Item | Symbol Min Typ Max Unit Test Condition 
Reset low-level width tRES 10 — — ms Figure 43 


Power Supply Conditions Using Internal Reset Circuit 


Item Symbol Min Typ Max Unit Test Condition 


Power supply rise time trcc 0.1 —_ 10 ms Figure 44 
Power supply off time tOFF 1 — — 
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Electrical Characteristics Notes 

1. All voltage values are referred to GND = 0 V. If the LSI is used above the absolute maximum ratings, 
it may become permanently damaged. Using the LSI within the following electrical characteristic is 
strongly recommended to ensure normal operation. If these electrical characteristic are also exceeded, 
the LSI may malfunction or exhibit poor reliability. 

Vcc 2 V1 2 V2 2 V3 2 V4 2 V5 must be maintained. 


For die products, specified up to 75°C. 


~ Te oS 


For die products, specified by the die shipment specification. 


5. The following four circuits are I/O pin configurations except for liquid crystal display output. 


Input pin Output pin 
Pin: E/SCLK, RS/CS*, RW/SID, IM, Pins: RESET* (MOS with pull-up) Pins: CL,, CLo, M, D 
EXT, TEST (MOS without pull-up) 
| Vec Vec Vec | Vec 


PMOS 


I/O Pin 
Pins: DBp/SOD-DB, 


v 
(MOS with pull-up) es 


(input circuit) 


(pull-up MOS) PMOS 


Input enable 


Output 


bie enable data 
Koc 


(output circuit) 
(tristate) 





6. Applies to input pins and I/O pins, excluding the OSC) pin. 
7. Applies to I/O pins. 


8. Applies to output pins. 
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9. Current flowing through pull-up MOSs, excluding output drive MOSs. 


10. Input/output current is excluded. When input is.at an intermediate level with CMOS, the excessive 
current flows through the input circuit to the power supply. To avoid this from happcning, the input 
level must be fixed high or low. 


11. Applies only to external clock operation. 





12. Applies only to the internal oscillator operation using oscillation resistor Rg. 


Rf: 75 kQ + 2% (when Vcc = 3 V to 4 V) 
Rf: 91 kQ+2% (when Vcc = 4 V to 5 V) 
OSC1 Since the oscillation frequency varies depending on the OSC1 and 
osce OSC2 pin capacitance, the wiring length to these pins should be 
minimized. | 


_ Referential data 


z 
~% 
D 
Q 


fOSC (kHz) 


50 91100 150 
Rf (kQ) 
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13. ‘RcoM is the resistance between the power supply pins (Vcc, Vi, V4, V5) and each common 
signal pin (COMo to COM33). 


Rsgc is the resistance between the power supply pins (Vcc, 2 V3, V5) and each seumient signal pin 
(SEG) to SEG60). 


14. The following graphs show the relationship between operation frequency and current consumption. 


005 100 200 300 400 500 | Oey 100 200 300 400 500 
fOSC or fcep (KHz) fOSC or fcp (kHz) 





15. Applies to the OSC pin. 


16. Each COM and SEG output voltage is within +0.15 V of the LCD voltage (Vcc, Vi, V2, V3, V4, V5) 
when there is no load. 


17. The TEST pin must be fixed to ground, and the IM or EXT pin must also be connected to Vcc or — 
ground. 


18. Booster characteristics test circuits are shown below. 


Boosting twice Boosting three times 


ip F 
+ 


iF © 10k 
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Load Circuits 


AC Characteristics Test Load Circuits 


Data bus: DBO—DB7, SOD Segment extension signals: CL1, CL2, D, M 


Test Test 
- ff Point as | 


ia “I 
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| Timing Characteristics 
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\/ 


4 


ViL1 


VIL1 


tes 
ViL1 


Figure 39 Bus Write Operation 
Sf 
ViL4 ViL4 


mw 
tet 


VIL1 


VOR ° VOR 


Figure 40 Bus Read Operation 
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{CH 


Fed af 


H1 
ViLt ML1 


tsu 


Figure 42 Interface Timing with Extension Driver 
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Note: When power is supplied, initializing by the internal reset circuit has priority. Accordingly, 


the above RESET" input is ignored during internal reset period. 





Figure 43 Reset Timing 


2.7 VW/4.5 V"2 


0.1 MS <tree $ 10 Ms tofF 21 ms 


Notes: 1. tore compensates for the power oscillation period caused by momentary power 
supply oscillations. | 
2. Specified at 4.5 V for 5-volt operation, and at 2.7 V for 3-volt operation. 
3. If the above electrical conditions are not satisfied, the internal reset circuit will not 
operate normally. In this case, initialize by instruction. (Refer to Initializing by 
Instruction.) 





Figure 44 Power Supply Sequemce. 
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(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


Description 


The HD44102CH is a column (segment) driver for 
dot matrix liquid crystal graphic display systems, 
storing the display data transferred from a 4-bit or 8- 
bit microcomputer in the internal display RAM and 
generating dot matrix liquid crystal driving signals. 


Each bit data of display RAM corresponds to on/off 
state of each dot of a liquid crystal display to provide 
more flexible than character display. 


The HD44102CH is produced by the CMOS process. 
Therefore, the combination of HD44102CH with a 
CMOS microcontroller can complete portable battery- 
driven unit ntilizing the liquid crystal display's low 
power dissipation. 


The combination of HD44102CH with the row 
(common) driver HD44103CH facilitates dot matrix 
liquid crystal graphic display system configuration. 


Features 


e Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
Interfaces with 4-bit or 8-bit MPU 
RAM data directly displayed by internal display 
RAM 

RAM bit data 1: On 

RAM bit data 0: Off 
Display RAM capacity: 50 x 8 x 4 (1600 bits) 
Internal liquid crystal display driver circuit 
(segment output): SO segment signal drivers 

e Duty factor (can be controlled by external input 
waveform) | 

_— Selectable duty factors: 1/8, 1/12, 1/16, 
1/24, 1/32 
e Wide range of instruction functions 
— Display Data Read/Write, Display On/Off, 
Set Address, Set Display 
— Start Page, Set Up/Down, Read Status | 
e Low power dissipation | 


e Power supplies: V5 V + 10%, V,,0to-5 V - 


e CMOS process 





Pin Arrangement 


BERZOTSRES 


S2SSSePSEE 


- Tekel oti 
B88R 


4) 
63) 
62) 
61) 
60} 
SO) 
58) 
97) 
36) 
55) 
54) 
53) 
52) 
51) 
$0} 
49) 
46) 
47| 
46) 
45) 
44} 
43) 
42) 
41) 


FB 


eerenece 
S>FeSSeFls 


(Top-View) 


Ordering Information 


Type No. Package . 
HD44102CH 80-pin plastic OF P(FP-80) 
HD44102D chip 
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& 
Se) 
© 

RST 

BS 

E. RM, D/l 

1—CS3 
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Absolute Maximum Ratings 


Item | Symbol Value Unit ‘Notes 


Supply voltage (1) V5 —0.3 to +7.0 V 1 

_ Supply voltage (2) Vee | Vee —13.5 to Voc + 0.3 V 
Input voltage (1) Vi -0.3 to V,, + 0.3 V 1,2 
Input voltage (2) Vi Veg —0.3 to V,, + 0.3 V 3 
Operating temperature T ~20 to +75 °C 
Storage temperature T —55 to +125 °C 


Sr a Oa a a Sk eA es 


Notes: 1. Referenced to GND = 0. 
2. Applied to input terminals (except V1, V2, V3, and V4), and I/O common terminals. 
3. Applied to terminals V1, V2, V3, and V4. 


Electrical Characteristics 
(Vog = +5 V 41 0%, GND = 0 V, V,,. = 0 to —5.5 V, Ta =-20 to 75 °C) (Note 4) 





Item | Symbol Min Typ Max Unit Test condition Notes 
Input high voltage (CMOS) Vic 0.7xVig —- Vee V 5 
Input low voltage (CMOS) Vig 0 - 03xV, V 5 
Input high voltage (TTL) Vig 20 - Vy Vv 6 
Input low voltage (TTL) — Var 0 - +0.8 V | 6 
Output high voltage Vou 43.5 = Vy = -250 BA 7 
Output low voltage Vor -  =- 404 Vo ly=+1.6mA 7 
Vi-Xj ON resistance a - -~ 75 kQ Vp =-5 Vt 10%, 
Load current 100 LA 

Input leakage current (1) | An —1 = 1 WA V,, = Vo, to GND 8 
Input leakage current (2) lio -2 - 2 HA Vi, = Ver tO Veg 9 
Operating frequency Tey 25 - 280 kHz 1, 62 frequency 10 
Dissipation current (1) ie = - 100 HA f,,, = 200 kHz frame = 11 

65 Hz during display 
Dissipation current (2) ns _ - 500 HA Access cycle1MHz 12 

| at access 
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Notes: 4. Specified within this range unless otherwise noted. 

5. Applied to M, FRM, CL, BS, RST,61, 62. 

6. Applied to CS1 to CS3, E, D/I, R/W and DBO to DB7. 

7. Applied to DBO to DB7. 

8. Applied to input terminals, M, FRM, CL, BS, RST, 61, 62, CS1 to CS3, E, D/I and R/W, 

and:I/O common terminals DBO to DB7 at high impedance. 
9. Applied to V1, V2, V3, and V4. 
10. 61 and 2 AC characteristics. 
Symbol Min _—‘Typ Max Unit 
Duty factor Duty 20 25 30 Yo 
Fall time 7 t, - _ 100 ns 
Rise time | t, - _ 100 ns 
Phase difference time Le 0.8 - = LS 
Phase difference time a 0.8 7 - us 
T,+T, - - 40 ws 
Gloss 
1S a Te 
T ° 
Duty = 7 TP x 100 (%) 
11. Measured by V,, terminal at no output load, at 1/32 dury factor, and frame frequency 
of 65 Hz, in checker pattern display. Access from the CPU is stopped. | 
12. Measured by V,,, terminal at no output load, 1/32 duty factor and frame frequency of 
65 Hz. | _ 
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Interface AC Characteristics 








Item Symbol Min Typ Max —_— Unit_~—=Notes 
E cycle time tee 1000 - - ns 13, 14 
E high level width Laer 450 - - ns 13, 14 
E low level width P wa 450 sa _ ns 13, 14 
E rise time t, = - 25 ns 13, 14 
E fall time t, - - 25 ns 13, 14 
Address setup time ts 140 - = ons 13, 14 
Address hold time Ae 10 = = ns 13, 14. 
Data setup time tow 200 7 = ns 13 
Data delay time ton = = 320 ns = 14, 15 
Data hold time at write ee 10 _ 7 ns 13 
Data hold time at read tour 20 = = ns 14 
Notes: 
- 13. At CPU write 14. At CPU read 
E 2.0V 
0.8V 

R/W 

CS1—CSs3 ae 

D/I 

Daw 
DBo—DB7 





15. DBO to DB7 load circuits 


R, =2.4kQ 
R 
Test Point 4 R =11kQ 
| C R Ds C = 130 pF (including jig capacitance) 
if oe Diodes D, to D, are all 1S2074 @) 
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Notes: 16. Display off at initial power up. 
The HD44102CH can be placed in the display off state by setting terminal RST to low 
at initial power up. 
No instruction other than the Read Status can be accepted while the RST is at the low 
level. | 


Symbol Min Typ Max Unit 


Reset time tast 1.0 = - Hs 
Rise time t - - 200 ns 


r 





Pin Description 


Pin Pin 
Name Number I/O Function 
Y1-~Y50 50 | O Liquid crystal display drive output. 
: Relationship among output level, M and display data (D): 
M 1 0 
D 1 0 1 ¢) 
Output Vs _| Ve | Va_{ 
Level 
CS1-CS3 3 | Chip select 
CS1 CS2 CS3 State 
L L L Non-selected 
L L H Non-selected 
L H L Non-selected 
L H H Selected read/write enable 
H L L Selected write enable only 
H L H Selected write enable only 
H H L Selected write enable only 
H H H Selected read/write enable 
E 4 | Enable 


At write (R/W = Low): Data of DBO to DB7 is latched at the fall of E. 


At read (R/W = High): Data appears at DBO to DB7 while E is at high 
level. 
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Pin Name 
R/W 


DI 


DBO-—DB7 


CL 


FRM 


1, 92. 


RST 


BS 


V1, V2, 
V3, V4 


Pin 
Number 


VO 


VO 
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Function 


Read/Write 
R/W = High: Data appears at DBO to DB7 and can be read 
by the CPU when E = high and CS2, CS3 = high. 
R/W = Low: DBO to DB7 can accept input when CS2, CS3 = high or 


CS1 = high. 
Data/Instruction 
D/|= High: Indicates that the data of DBO to DB7 is display data. 
D/|=Low: Indicates that the data of DBO to DB7 is display control 


data. 
Data bus, three-state I/O common terminal 


E R/W CS1 CS2 CS3 State of DBO to DB7 
H HH * H H 

* 1 OW * * 
Others 


Output state 

Input state, 

High impedance 

High impedance 
Signal to convert liquid crystal display drive output to AC. 
Display synchronous signal 


At the rise of CL signal, the liquid crystal display drive signal 
corresponding to display data appears. 


Display synchronous signal (frame signal) 


This signal presets the 5-bit display line counter and 
synchronizes a common signal with the frame timing when 
the FRM signal becomes high. 


2-phase clock signal for internal operation 
The $1 and 6 2 clocks are used to perform the operations 
(input/output of display data and execution of instructions) 
other than display. 


Reset signal | 
_ The display disappears and Y address counter is set in the up 
counter state by setting the RST signal to low level. After 
releasing reset, the display off state and up mode is held until 
the state is changed by the instruction. 


- Bus select signal 


BS = Low: — 
BS = High: 


DBO to DB7 operate for 8—-bit length. 
DB4 to DB7 are valid for 4—bit length only. 
8—bit data is accessed twice in the high and low order. 


Power supply for liquid crystal display drive 


Viand V2: Selection voltage 
V3 and V4: Non-selection voltage 
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Pin 
PinName Number i/O Function 
Voc 3 Power supply 
GND | Veg-GND: Power supply for internal logic 
Vee Voo~Vae: Power supply for liquid crystal display drive circuit logic 
Function of Each Block 
Interface Logic 
The HD44102CH can use the data bus in 4-bit or 8-bit _ The data bus uses the high order 4 bits (DB4 to. 
word length to enable interface to a4-bit or 8-bit CPU. DB7). First, the high order 4 bits (DB4 to DB7 
| in 8-bit data length) are transferred and then the 
1. 4 bit mode (BS = High) low order 4 bits (DBO to DB3 in 8-bit data 
8-bit data is transferred twice for every 4 bits length). 


through the data bus when the BS signal is high. 


Busy Flag oo : _ eee zee 


Address Address | Data low 
check ‘high order | loworder | check order write | order write 
(Status write write (Status. 3 

read) read) 





Figure 1 4-Bit Mode Timing 


Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the 
fallof the second E signal. The status read is executed once. After the execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec- 
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No 
busy check is required in the transfer between the high and low order bits. 
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2.  8-bit mode (BS = Low) 
If the BS signal is low, the 8 data bus lines (DBO to 
DB7) are used for data transfer. 

DB7: MSB (Most significant bit) 

DBO: LSB (Least significant bit) 


For AC timing, refer to note 12 tonote 15 of “Electrical 


Characteristics”. 


Input Register 


8-bit data is written into this register by the CPU. The 
instruction and display data are distinguished by the 
8-bit data and D/I signal and then a given operation is 
performed. Data is received at the fall of the E signal 
when the CS is in the select state and R/W is in write 
state. 


Output Register 


The output register holds the data read from the 
display data RAM. After display data is read, the 
display data at the address now indicated is set in this 
output register. After that, the address is increased or 
decreased by 1. Therefore, when an address is set, the 
correct data doesn’t appear at the read of the first 
display data. The data at a specified address appears 
at the second read of data (figure 2). 


Address 

Output 

register 

Write 
address N 


Busy Busy 


DBo-—- DB7 check 


Read data 
check . |(dummy) 
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X, Y Address Counter 


The X, Y address counter holds an address for reading/ 
writing display data RAM. An address is set in it by 
the instruction. The Y address register is composed of 
a 50-bit up/down counter. The address is increased or 
decreased by 1 by the read/write operation of display 
data. The up/down mode can be determined by the 
instruction or RST signal. The Y address register 
counts by looping the values of 0 to 49. The X address 
register has no count function. 


Display On/Off Flip/Flop 


This flip/flop is set to on/off state by the instruction or 
RST signal. In the off state, the latch of display data 
RAM output is held reset and the display data output 
is set to 0. Therefore, display disappears. In the on 
state, the display data appears according to the data in 
the RAM and is displayed. The display data in the 
RAM is independent of the display on/off. 


Up/Down Flip/Flop 


This flip/flop determines the count mode of the Y 
address counter. In the up mode, the Y address 
register is increased by 1. 0 follows 49. In the down 
mode, the register is decreased by 1. 0 is followed by 
49, 


Data at address N Data at address N+1 


Data read 
address 
N+1 


Busy 


Busy /|Read data 
check 


check fat 
address N 


Figure 2 Data Output 
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Display Page Register 


The display page register holds the 2-bit data that 
indicates a display start page. This value is preset to 
the high order 2 bits of the Z address counter by the 
FRM signal. This value indicates the value of the 
display RAM page displayed at the top of the screen. 


Busy Flag 


After an instruction other than status read is accepted, 
the busy flag is set during its effective period, and 


reset when the instruction is not effective (figure 3). 


The value can be read out on DB7 by the status read 
instruction. 

The HD44102CH cannot accept any other instructions 
than the status read in the busy state. Make sure the 
busy flag is reset before issuing an instruction. 


= Teusy = 


Fo = 


7 


Z Address Counter 


The Z address counter is a 5-bit counter that counts up 
at the fall of CL signal and generates an address for 
outputting the display data synchronized with the 
common signal. 0 is preset to the low order 3 bits and 
adisplay start page to the high order 2 bits by the FRM 
signal. 


Latch 


The display data from the display data RAM is 
latched at the rise of CL signal. 


Liquid Crystal Driver Circuit 


Each of 50 driver circuits is a multiplex circuit 
composed of 4 CMOS switches. The combination of 
display data from latchs and the M signal causes one 
of the 4 liquid crystal driver levels, V1, V2, V3 and 
V4 to be output. 


Fo is 61, $2 frequency (half of HD441 03cH oscillation frequency) 





Figure 3 Busy Flag 
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Display RAM 


Display pattern 


Driver output 
Yi— Y50 


Data in display RAM 


Yo Y1 Y2 Y3 Y4 Y47 Y48 Y49 
(Y address) 





Figure 4 Relationship between Data in RAM and Display 
a fa start page 0, 1/32 duty) 
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- Display Control Instructions 


Read/Write Display Data 


MSB DB LSB 
RW DI 76543210 
1 1 (Display data) 
Read (CPU — HD44102CH) 
0 1 (Display data) 
Write (CPU -HD44102CH) 


Sends or receives data to or from the address of the 
display RAM specified in advance. However, a 
dummy read may be required for reading display data. 
Refer to the description of the output register in 
Function of Each Block. 


Display On/Off 


MSB DB ~ LSB 
RWDA 76543210 
0 0 0 0111001 Display on 
0 0 00111000 Display off 


Turns the display on/off. RAM data is not affected. 


Set X/Y Address 

MSB ~~ ODB LSB 

RW D/ 76543 210 

0 0 00 

0 0 0 1 Binary numbers of 0-49 

0 0 10 | 

0 0 117 

EE Geet nOE aemmmenenand 
X address Y address 
(page) (address) 
Y address 

0 ees 48 49 





- Display Data RAM 
| Display Start Page 
MSB DB LSB 


RW DI 76543210 
0 0 00111110 

eee Refer to figure 5 (a) 
0 0 O1111 110 


ae Refer to figure 5 (b) 
0 0 1014111110 
stacks Refer to figure 5 (c) 
Oo 0 4141411110 
Display. start page 


wu... Refer to figure 5 (d) 


se) | HITACHI 





HD44102 


Specifies the RAM page displayed at the top of the 24, 1/16), display begins at a page specified by the 
screen. Display is as shown in figure 4. When the __ display start page only by the number of lines. 
display duty factor is more than'1/32 (For example, 1/ 


Start page = page 0 





Displayed up to 
here when display 
duty is 1/N. 
(N=8, 12, 16, 24, 32) 
Display Data RAM Liquid Crystal Screen 
Start page = page 1 





Display Data RAM Liquid Crystal Screen 


Start page = page 2 





Display Data RAM Liquid Crystal Screen 


Start page = page 3 





Display Data RAM Liquid Crystal Screen 


Figure 5 Display Start Page 
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Up/Down Set 


MSB DB LSB . 
RW DI 76543210 
0 0 0014110 1 1 Up mode 
0 O 0 01 110 1 0 Down mode 


‘Sets Y address register in the up/down counter. 
_ mode. 


Status Read 
MSB 





RW Dili 
1 O 


<HMCW N 
Zs00~7C & 


(Busy also goes to 1). 
Goes to 0 when RST is in the operating state. 


Goes to 1 in the display off state. 
Goes to 0 on the display on state. 


Goes to 1 when address counter is in the up mode. 


Goes to 0 when address counter is in the down 
mode. 


Goes to 1 while all other instructions are being 
executed. | 


While 1, none of the other instructions are 
accepted. 
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Connection Between LCD Drivers (Example of 1/32 Duty Factor) 


x< 


To liquid 
crystal display 


x< 
3 


Vcc To liquid crystal display 


GND 


= 
G 


HD44103CH 
(Master) DS1 


oO 
” 
x) 


o 
eo ie es ee 


DS3 


by 


HD44102CH 


aacees ionsaee 
ty T ort _ 





Open Open Open 
DL DR $1 02 FRM 


To liquid crystal display 


To liquid 
crystal display 


HD44103CH 
(Slave) 


HD44102CH 
No. 2 





Figure 6 1/32 Duty Factor Connection Example 
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Interface to CPU 


1. Example of connection to HD6800 


Inthe decoder given in this example, the addresses of Thus, the HD44102CH can be controlled by reading/ 
HD44102CH in the address space of HD6800 are: writing data at these addresses. 


Read/write of display data: $'FFFF' 
Write of display instruction: $'FFFE' 
Read of status: $'FFFE' 


Decoder 


HD6800 HD44102CH 





Figure 7 Example of Connection to HD6800 Series 
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2. Example of connection to HD6801 


e The HD6801 is set to mode 5. P10—P14 are used as conducting memory read or write for external 
Output ports, and P30-P37 are used as the data bus. memory space $0100 to $01FF of HD6801. The 

e The 74LS 154 is a 4—to—16 decoder that decodes 4 IOS signal is output to SC1, and the R/W signal is 
bits of P10—P13 to select the chips. output to SC2. 


e Therefore, the HD44102CH can be controlled by —e For further details on HD6800 and HD6801, refer 
selecting the chips through P10—P13 and specifying to their manuals. 
the D/I signal through P14 in advance, and later 


74LS154 


P10 
Pit 
P12 
P13 


(IOS) SC1 
(R/W) SC2 





HD6801 P14 HD44102CH 
No. 1 


(Data Bus) 





Figure 8 Example of Connection to HD6801 
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- Connection to Liquid Crystal Display 


HD44103CH 
(Master) 
—~_x x 


Liquid crystal display panel 
32 x 150 dots 


HD44103CH 


HD44102CH HD44102CH HD44102CH 
No. 1 No. 2 No. 3 


Liquid crystal display panel 
16 x 100 dots 


5 
25 
= 3 
wt 
eS 
Ir 


HD44102CH HD44102CH 
No. 1 No. 2 | 





Figure 10 Example of Connection to 1/16 Duty Factor, 1-Screen Display 
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HD44102CH HD44102CH HD44102CH 
No. 10 


HD44103CH 
(Master) 


Liquid crystal display panel 
64 x 240 dots — 


slate els hl 


HD44103CH 


Y1 ~~ Yao 


HD44102CH | | HD44102CH |-- HD44102CH 
~ No. 1 No. 2 No. 5 





Figure 11 Example of Connection to 1/32 Duty Factor, 2-Screen Display 
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Limitations on Using 4-Bit Interface Function 


The HD44102 usuallly transfers display control data 


and display data via 8-bit data bus. It also has the 4- 
bit interface function in which the HD44102 transfers 
8-bit data by dividing it into the high-order 4 bits and 
the low-order 4-bits in order to reduce the number of 
wires to be connected. You should take an extra care 
in using the application with the 4-bit interface function 
since it has the following limitations. 


Limitations 


The HD44102 is designed to transfer the high- 
order 4-bits and the low-order 4-bits of data in 
that order after busy check. The LSI does not 
work normally if the signals are in the following 


Writes high- 
order bits 


state for the time period (indicated with (*) in 
fifure 11) from when the high-order 4 bits are written 
(or read) to when the low-order 4 bits are written (or 
read); R/W = high and D/I = low while the chip is 
being selected (CS1 = high and CS2 = CS3 = don’t 
care, or CS1 = low and CS2 = CS3 = high). 


If the signals are in the limited state mentioned before 
for the time period indicated with (*) the LSI does not 
work normally. Please do not make the signals 
indicated with dotted lines simultaneously. As far as 
the time period indicated with (**), there is no problem. 


The following explains how the malfunction is caused 
and gives the measures in application. 


Writes low- 
order bits 





Figure 12 Example of Writing Display Control Instructions 
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Cause 


Busy check checks if the LSI is ready to accept the 
next instruction or display data by reading the status 
register to the HD44102. And at the same time, it 
resets the internal counter counting the order of high- 
order data and low-order data. This function makes 
the LSI ready to accept only the high-order data after 
busy check. Strictly speaking, if R/W = high and D/ 
I = low while the chip is being selected, the internal 
counter is reset and the LSI gets ready to accept high- 
order bits. Therefore, the LSI takes low-order data for 
high-order data if the state mentioned above exist in 
the interval between transferring high-order data and 
transferring low-order data. 


HD44102 


Measures in Application 


1. HD44102 Controlled Via Port 


When you control the HD44102 with the port of a 
single-chip microcomputer, you should take care of 
the software and observe the limitations strictly. 


2. HD44102 Controlled Via Bus 
a. Malfunction Caused by Hazard 


Hazard of input signals may also cause the 
phenomenon mentioned before. The phase shift at 
transition of the input signals may cause the 


_ malfunction and so the AC characteristics must be 


carefully studied. 


ww \__} 


a eee: Fore 


Example 


Be 


Writing High-Order Data 





Figure 13 Input Hazard 


b. Using 2-Byte Instruction 


Ee LILI 
CS / \ 
Address 2N 2N+1 


— (DA) 
DBo— DB7 


High-order Low-order 
data data 


Last 2 Machine Cycles 
of 2-Byte Instruction 





Figure 14 2-Byte Instruction 
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In an application with the HD6303, you can prevent 
malfunction by using 2-byte instructions such as STD 
and STX. This is because the high-order and low- 
order data are accessed in that order without a break 
in the last machine cycle of the instruction and R/W 
and D/I do not change in the meantime. However, you 
cannot use the least significant bit of the address 
signals as the D/I signal since the address for the 


A2—Ais 
HD6303 


R/W 
E 


second byte has an added 1. Design the CS decoder 


so that the addresses for the HD44102 should be 2N 
and 2N + 1, and that those addresses should be 
accessed when using 2-byte instructions, Forexample, 
in figure 14 the address signal A, is used as D/I signal 
and A, —-A,, are used for the CS decoder. Addresses 
4N and 4N + 1 are for instruction access and addresses 
4N +2 and 4N + 3 are for display data access. 


CS 


DI HD44102CH 
R/W 


E 





Figure 15 HD6303 Interface 
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(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


Description 


The HD44103CH is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals required for display with 
its internal oscillator and supplies them to the column 
driver (HD44102CH) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty. It can 
select 5 types of display duty ratio: 1/8, 1/12, 1/16, 1/ 
24, and 1/32. 20 driver output lines are provided, and 
the impedance is low (500 {2 max.) to enable a large 
screen to be driven. 


Features 


¢ Dot matrix liquid crystal graphic display common 
driver incorporating the timing generation circuit 

¢ Internal oscillator (Oscillation frequency can be 
selected by attaching an oscillation resistor and an 
oscillation capacity) . 

¢ Generates display timing signals 

¢ 20-bit bidirectional shift register for generating 
common signals | 

¢ 20 liquid crystal driver circuits with low output 
impedance 

¢ Selectable display duty ratio: 1/8, 1/12, 1/16, 1/24, 
1/32 

¢ Low power dissipation 

¢ Power supplies: V_,:5 V t10%, 

Vig: 0 to-5.5 V 
¢ CMOS process 


Ordering Information 


Type No. Package 
HD44103CH 60-pin plastic QFP(FP-60) 


Pin Arrangement 
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. 20 output terminal 
Vi V2 V3 V4 X1 Xe sh Sab ick X18 X19 X20 


V sus sree a a 
Veeat: Liquid crystal display 
GND | driver circuits 
” 5 ees Ss 
| Bidirectional shift 
Ey 


SHL 






















Q= 





ao 
R} CR Cc 


Rt Cr DS2 
MWS Fs DS: DS3 61 02 
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Absolute Maximum Ratings 


Item Symbol 
Supply voltage (1) Voc 
Supply voltage (2) Vee 
Terminal voltage (1) V5 
Terminal voltage (2) Vio 
Operating temperature Te 
Storage temperature ee 


Notes: 1. Referenced to GND = 0. 


Rated Value 
—0.3 to +7.0 
Vog 13.5 to Vo, + 0.3 
0.3 to V,, + 0.3 
Veg —0.3 to V,, + 0.3 
— =20 to +75 
—55 to +125 


HD44103 


Unit Note 
V 1 

V 4 

V 1,2 
V 3 

°C 

°C 


2. Applied to input terminals (except V1, V2, V5, and V6) and I1/O common terminals. 
3. Applied to terminals V1, V2, V5, and V6. 
4. Connect a protection resistor of 220 Q + 5% to V_., power supply in series. 


Electrical Characteristics 


(Vig = +5 V£10%, GND = 0 V, V,. = 0 to—5.5 V, Ta = -20 to +75 °C) (oes) 


item Symbol Min Typ Max Unit Test condition Note 

Input high voltage Vin 0.7XVog - Voge V 6 

Input low voltage Viv 0 - 03xV, V 6 

Output high voltage Vou Vee704 - - Vlog = 400 pA 7 

Output low voltage Vor - - 04 Vly = +400 nA 7 

Vi-Xj on resistance Ron = - 500 Q Vi, =-5 + 10%, 

Load current +150 nA 

Input leakage current (1) Li ~t - 1 HA Via, = Voc to GND 8. 

Input leakage current (2) tes -2 - 2 WA Vy = Veo to V.. 9 

Shift frequency tee, - - 50 kHz Inslavemode _ 10 

Oscillation frequency fase 300 430 560 kHz R,=68kQ+2% 11 

| C, = 10 pF +5% 

External clock operating i 50 —- 560 kHz 

frequency | 

External clock duty Duty 45 50 55 | - 12 

External clock rise time t - - 50 ns 12 

External clock fall time. tep _ - 50 ns 12 
_ Dissipation power (master) Pes - - 44 mW CR oscillation = 430 kHz 13 
_ Dissipation power (slave) ae - - 1.1 mW Frame frequency = 70 Hz14 
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Notes: 5. Specified within this range unless otherwise noted. 
; Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR, and DL. 
Applied to DL, DR, M, FRM, CL, 61 and $2. 
Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/O common terminals 
DL, DR, M, and CL at high impedance. 
Applied to V1, V2, V5, and V6. 
_ Shift operation timing 


OND 


o 0 


Min Typ Max Unit 


DL/DR ty 5 = - us 
t, 5 = = ps 
t, = = 100 ns 
CL a oe 
t, = - 100 ns 





11. Relationship between oscillation frequency and R/C, 


CR Oscillator The values of R, and C, are typical values. 
R The oscillation frequency varies with the mounting 
C condition. Adjust oscillation frequency to the 
af required value. 


Vec =5V 







Cf =6 pF 
Cf =10prF 


50 100 150 (kQ) 
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12. 





t rep t fep 


Open 
Open 
External Clock —» CR 


vO 


13. Measured by V,,, terminal at output non-load of R, = 68 kQ + 2% and C, = 10pF + 5%, 1/ 
32 duty factor in the master mode. Input terminals must be fixed at V,, or GND while 
measuring. 


14. Measured by V,,, terminal at output non-load, 1/32 duty factor, frame frequency of 70 Hz 
in the slave mode. Input terminals must be fixed at V.,. or GND while measuring. 





Pin Description 


Pin 
Pin Name Number I/O Function 


X1-—X20 20 O Liquid crystal display driver output. 


Relationship amon level, M, and_data (D) in shift register: 
M 1 0 


D- 41 0 1 0 


Output Ve | Ve | Vi | Vs 
level 


CR, R, © 3 Oscillator Rt Cr 


R CR C {| CR oscillator 


M 1 VO Signal for converting liquid crystal display driver signal into AC. 
Master: Output terminal 
Slave: Input terminal 
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Pin 
Pin Name Number I/O Function 
CL 1 VO Shift register shift clock. 
Master: Output terminal 
Slave: Input terminal 
FRM 1 O Frame signal, Display synchronous signal. 
DS1i—DS3 3 [ Display duty ratio select. 
Display 
Duty Ratio 1/24 1/12 X 132 1/16 1/8 
DS1 L H L H L H LH 
DS2 OL L HH L L HH 
DS3 L LLELtL H H HH 
FS 1 Frequency select. 
The relationship between the frame frequency f,,.,, and the 
oscillation frequency f,,, is as follows: 
FS =High: f,.. = 6144 xf (1) 
FS=Low: fo =3072xf., (2) 

Example (1) | When FS = high, adjust Rf and Cf so that the 
oscillation frequency is approx. 

430 kHz if the frame frequency is 70 Hz. 

Example (2) | When FS = low, adjust Rf and Cf so that the 
oscillation is approx. 215 kHz, in order to obtain the 
same display waveforms as example 1. When 
compared with example 1, the power dissipation is 
reduced because of operation at lower frequency. 
However, the operating clocks 61 and 2 supplied to 
the column driver have lower frequencies. Therefore, 
the access time of the column driver HD44102CH 
becomes longer. 

DL, DR 2 VO Data I/O terminals of bidirectional shift register. 
SHL 1- | Shift direction select of bidirectional shift register. 
SHL Shift Direction 
H DL — DR 
L DL <— DR 
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Pin Name 
M/S 


V1, V2, 
V5, V6 


cc 


GND 


EE 


HD44103 


Pin 
Number I/O Function 


{ i Master/slave select. 


M/S = High: Master mode 
The oscillator and timing generation circuit supply display 
timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is placed in the output state. 


M/S = Low: Slave mode 
The timing generation circuit stops operating. The oscillator is 
not required. Connect terminal CR to V,, 
Open terminals C and R. One (determined by SHL) of DL and 
DR, and terminals M and Cl are placed in the input state. 
Connect M, CL and one of DL and DR of the master to the 
respective terminals. 
Connect FD, DS1, DS2, and DS3 to V_,. 


When display duty ratio is 1/8, 1/12, or 1/16, one HD44103CH is 
required. Use it in the master mode. 


When display duty ratio is 1/24 or 1/32, two HD44103CHs are 
required. Use the one in the master mode to drive common signals 1 
to 20, and the other in the slave mode to drive common signals 21 to 
24 (32). 


2 O Operating clock output terminals for HD44102CH. 


The frequencies of 1 and 62 become half of oscillation frequency. 


4 Liquid crystal display driver level power supply. 


Vi and V2: Selected level 
V5 and V6: Non-selected level 


3 Power supply. 


Vo GND: Power supply for internal logic 
v. AN. Power supply for driver circuit logic 
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Block Functions 


Oscillator 


The oscillator is a CR oscillator attached to an 
oscillation resistor Rf ans osckllation capacity Cf. 
The oscillation frequency varies with the values of Rf 
and Cf and the mounting conditions. Refer to Electrical 
Characteristics (Note 10) to make proper adjustment. 


Timing Genaration Circuit 


The timing generation circuit divides the signals from 
the oscillator and generates display timing signals (M, 
CL, and FRM) and operating clock (1 and 2) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block stops 
operating. It is meaningless to set FS, DS1 to DS3. 
However, connect them to V_,, to prevent floating 
current. 


Bidirectional Shift Register 


20-bit bidirectional shift register. The shift direction 
is determined by SHL. The data input from DL or DR 


_ performs a shift operation at the rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 20 driver circuits is a multiplex circuit 
composed of four CMOS switches. The combination 
of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels V1, 
V2, V5, and V6to be transferred to the output terminals. 


Applications 


Refer to the applications of the HD44102CH. 
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HD44105 
(Dot Matrix Liquid Crystal Graphic 


Display Common Driver) 


Description Features 

The HD44105H is a common signal driver for ° Dot matrix graphic display common driver 
LCD dot matrix graphic display systems. It including the timing generation circuit 
generates the timing signals required for display * Internal oscillator (Oscillation frequency is 
with its internal oscillator and supplies them to the selectable by attaching an oscillation resistor 
column driver (HD44102H) to control display, also and an oscillation capacitor) 

automatically scanning the common signals of the * Generates display timing signals 

liquid crystal according to the display duty cycle. ¢ 32-bit bidirectional shift register for generating 
It can select 7 types of display duty cycle 1/8, 1/12, common signals 

1/16, 1/24,1/32, 1/48, and 1/64. It provides 32 + 32 liquid crystal driver circuits with low 
driver output lines and the impedance is low (1 kQ impedance 

max) enough to drive a large screen. ¢ Selectable display duty ratio: 1/8, 1/12, 1/16, 


1/24, 1/32, 1/48, 1/64 
¢ Low power dissipation 
¢ Power supplies: Vec=+5 V+ 10% 
Veg =0to-5.5 V 





¢ CMOS process 


Ordering Information 


Type No. Package 
HD44105H 60-pin plastic QFP(FP-60) 
HD44105D Chip 


Absolute Maximum Rating (Ta =25°C) 


Item Symbol Ratings Unit Note 


Supply voltage (1) Voc -0.3 to +7.0 V 1 
Supply voltage (2) VEE Vec -13.5 to Veg +0.3 V 

Terminal voltage (1) Vr —0.3 to Voc +0.3 V 1,2 
Terminal voltage (2) Vr2 Veg —0.3 to Voc +0.3 V 3 
Operating temperature Topr -20 to +75 °C 

Storage temperature Tstg ~55 to +125 °C 


Notes: 1. Referred to GND =0 V. 
2. Applied to input terminals (except for V1, V2, V5, and V6) and I/O common terminalis. 
3. Applied to terminals V1, V2, V5, and V6. Connect a protection resistor of 47 2+ 10% to each 
terminal in series. 
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Pin Arrangement 


15 1x8 

14 1X9 

13 1X10 
| 2 1X11 
14 1x12 
|60 | X13 
'59 | X14 
'58 | X15 
'57 | X16 


X7 
X6 
X5 
X4 
X3 
X2 
X1 
DL 


SIRF Flee Ne 


Tl Tl 
eee 
ad rs) 


DS1 


Oo 9 
C8 S 
© NO 


we) 


$ 
BISTS 


” 
=x 
ow 


SHL [24 | 
WS {25 | 
o2 [26 
o1 [27] 
FRM [28 | 
Veco [29 
NC /30| 
M {31 | 
NC /32| 
CL [33 
DR |34| 
NC {35 | 


(Top View) 


Note: NCs show unused terminals. 


Don't connect any lines to 
them in using this LSI. 
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56 | X17 
55 | X18 


54 | X19 
'53 | X20 
152} X21 
51 | X22 
50 | X23 
149 | X24 
48 | X25 
X26 
46 | X27 
45 | X28 
44 | X29 
|43 | X30 
42 | X31 
41 | X32 
40 | V6 

139 | V5 

38 | V2 

V1 

36 | VEE 


IHOWLIH 


lcs 


Vec 
GND 
VEE 


DL 


SHL 


Losi 1] 
cree 


STB 


V1V2V5V6 







- 


X1 


M/S 


32 output terminals 


FS1 FS2 


DS2 
DS; DS3 


X30 X31 X32 


Timing generation circuit 


o192 


Ltt —__________1_1 
Liquid crystal display 
driver circuits 


Bidirectional shift 





R 


oO 


FRM 


WeIsvIG YOIg 
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Electrical Characteristics (Note 4) 
(Vcc = +5 V + 10%, GND = 0 V, VEE = 0 to -5.5 V, Ta = -20 to +75°C) 


Item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vin 0.7XVeo — Voc V 5 
Input low voltage Vit 0 _ 0.3xVoo V 5 
Output high voltage Vou Veco 0.4 — — V lon = 400 pA 6 
Output low voltage Voi — — 0.4 V lo, = 400 pA 6 
Vi-Xj On resistance Ron — — 1000 Q Veg = -5 Vt 10%, 

Load current 

+15 pA 
Input leakage current (1) fis —1 — 1 pA Vin=VcctoGND 7 
Input leakage current (2) lito 5 _ 5 pA Vin= VectoVee 8 
Shift frequency Fsrr _ — 50 kHz In slave mode 9 
Oscillation frequency fosc 300 430 560 kHz Rf=68kQ42%, 10 

Cf = 10 pF +5% 
External clock operating —fep 50 — 560 kHz 11 
frequency 
External clock duty cycle Duty 45 50 55 % 11 
External clock rise time trop _— — 50 ns 11 
External clock fall time tfop _ — 50 ns 11 
Dissipation power Pwi —_— — 4.4 mW CR oscillation, 12 
(Master) 430 kHz 
Dissipation power Pwo — — 1.1 mW Frame 70 kHz 13 
(Slave) 





Notes: 4. Specified within this range unless otherwise noted. — 

Applied to CR, FS1, FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL, and STB. 

Applied to DL, DR, M, FRM, CL, 61, and $2. 

Applied to input terminals CR, FS1, FS2, DS1 to DS3, SHL, M/S, and STB and I/O common 
terminals DL, DR, M, and CL at high impedance. 

Applied to V1, V2, V5, and V6. 

Shift operation timing. 


Nog 


(© 


Min Typ Max Unit 


tsu. 5 - - us 
ty 5 - - us 
tr - - 100 ns 
tf - - 100 ns 
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Notes: 10. Relation between oscillation frequency and Rf, Cf. 





Connection R The values of Rf and Cf are typical 
values. The oscillation frequency 
RE C varies with the mounting condition. 
Adjust oscillation frequency to a 
CR required value. 


Ta = +25°C 








500 
400 
fosc 300 Cf = 6 pF 
200 Cf = 10 pF 
0 50 100 150 (kQ) 
Rf 





11. 





trcp ticp 
open —iC 
open —{R 


External clock CR 


12. Measured by Vcc terminal at output non-load of Rf = 68 kQ + 2% and Cf = 10 pF + 5%, and 1/32 
duty cycle in the master mode. 
Input terminals are connected to Vcc or GND. 

13. Measured by Vcc terminal at output non-load, 1/32 duty cycle, and frame frequency of 70 Hz 
in the slave mode. 
Input terminals are connected to Vcc or GND. 
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Pin Description 


Pin Name Pin Number 1/0 Function 


X1-X32 32 O Liquid crystal display driver output. 
Relation among output level, M, and data (D) in shift register. 
M 1 0 


on Jf 1 LoS 1 Lo_J 


Output level v2 V6 V1 V5 


CR, R, C 3 Oscillator. 
Rf Cf 
CR Oscillator 
R CR 
M 1 i/O —_—_ Signal for converting liquid crystal display driver signal into AC. 
Master: Output terminal 
Slave: Input terminal 
CL 1 0 Shift register shift clock. 
Master: Output terminal 
Slave: Input terminal 
FRM 1 O Frame signal, Display synchronous signal. 
DSi-DS3 _ 3 ; Display duty ratio select. 
Display Duty 
Ratio 1/8 1/116 1/82 1/64 -— 1/12 1/24 1/48 
DS1 L L H H LL H H 
DS2 L H L H L H L H 
DS3 L L L L H H H H 
FS1-FS2 2 1 Selects frequency. 


The relation between the frame frequency frre and the oscillation 
frequency fosc is as follows: 


FS1 FS2  fosc(kHz) ffam(Hz) fa(Hz) —s fcp(kHz) 
L L 107.5 70 35 53.8 

H L 107.5 70 35 53.8 

L H 215.0 70 35 107.5 


H H 430.0 70 35 215.0 


fosc: Oscillation frequency 
fFRM: Frame frequency 

fu: M signal frequency 

fcp: Frequencies of 61 and 42 
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Pin Description (cont) 


HD44105 


Pin Name Pin Number |/O Function 


STB 


DL, DR 


61, 92 


V1, V2, 
V5, V6 


Voc, GND 


1 


1/0 
i 


input terminal for testing. 

Connect this terminal to Vcc. 

Data I/O terminals of bidirectional shift register. 
Selects shift direction of bidirectional shift register. 


SHL Shift Direction 
H DL — DR 
L DL < DR 


Selects Master/Slave. 


M/S = High: Master mode 
The oscillator and timing generation circuit operate to supply 
display timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is in the output state. 


M/S = Low: Slave mode 
The timing generation circuit stop operating. The oscillator is not 
required. Connect terminal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and terminals M and CL 
are in the input state. Connect M, CL and one of DL and DR of the 
master to the respective terminals. Connect FS1, FS2, DS1, DS2, 
DS3, STB to Vcc. When display duty ratio is 1/8, 1/12, 1/16, 1/24, 
1/82, one HD44105H is required. Use it in the master mode. When 
display duty ratio is 1/48, 1/64, two HD44105Hs are required. Use 
one in the master mode to drive common signals 1 to 32, and 
another in the slave mode to drive common signals 33 to 48(64). 


Operating clock output terminals for HD44102CH. The frequencies of 
61 and 92 are half of oscillation frequency. 


Liquid crystal display driver level power supply. 


Vi and V2: Selected level 
V5 and V6: Non-selected level 


Power supply. 


Vcc-GND: Power supply for internal logic 
Vcc- VEE: Power supply for driver circuit logic 
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Block Functions 
Oscillator 


A CR oscillator attached to an oscillation resistor 
Rf and an oscillation capacitor Cf. The oscillation 
frequency v aries with the values of Rf and Cf and 
the mounting conditions. Refer to electrical 
characteristics (note 10) to make proper adjustment. 


Timing Generation Circuit 


This circuit divides the signals from the oscillator 
and generates display timing signals (M, CL, and 
FRM) and operating clock (¢1 and 92) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block 
stops operating. It is meaningless to set FS1, FS2 
and DS1 to DS3. However, connect them to Vcc 
to prevent floating current. 


Bidirectional Shift Register 


A 32-bit bidirectional shift register. The shift 
direction is determined by the SHL. The data input 
from DL or DR performs a shift operation at the 
rise of shift clock CL. 


Liquid Crystal Display Driver Circuit 


Each of 32 driver circuits is a multiplex circuit 
composed of four CMOS switches. The 
combination of the data from the shift register with 
the M signal allows one of the four liquid crystal 
display driver levels V1, V2, V5, and V6 to be 
transferred to the output terminals. 
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(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 


Description 


HD61102 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro-controller in internal display RAM and 
generates dot matrix liquid crystal driving signals. 


Each data bit of display RAM corresponds to the 
on/off state of a dot of the liquid crystal display. 


As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
displays with many dots. 


The HD61102, which is produced by the CMOS 
process, can complete a portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 


Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61103A. 


Features 


¢ Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 
¢ RAM data direct display by internal display 
RAM 
RAM bit data 1: On 
RAM bit data 0: Off 
e Internal display RAM address counter: 
Preset, increment 
Display RAM capacity: 512 bytes (4096 bits) 
8-bit parallel interface 
Internal liquid crystal display driver circuit: 64 
Display duty: 
Combination of frame control signal and 
data latch synchronization signal make it 
possible to select static or optional duty 
cycle 
¢ Wide range of instruction function: 
Display Data Read/Write, Display On/Off, 
Set Address, Set Display Start Line, 
Read Status 
¢ Lower power dissipation: during display 2mW 
max 
¢ Power supply: 


Vcc: +5 V + 10% 

Veg: 0 V to-10 V 

¢ Liquid crystal display driving level: 15.5 V 
max 

¢« CMOS process 


Ordering Information 


Type No. 
HD61102RH 


Package 
100-pin plastic QFP(FP-100) 
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Pin Arrangement 





= eal ball bebe mow N 

Ew siassheesene e885 28 

SNS SIS SSSI SSIS S| SSS 
Abc (4. 80] DB1 
M [2 '79| DBO 
Vec 13. 78| GND 
V4R (4. 77] V4 
V3R [5] 76] V3L 
V2R [6_ 75] V2L 
ViR 74] V1L 
Vee2 18 73] Veer 
y64 [9_ 72] Y1 
Y63 [10 71] Y2 
Y62 70] Y3 
Ye1 [12 69] Y4 
Y6éo [13! 68] Y5 
Y59 67| Y6 
Y58 [15| 66] Y7 
Y57 [16 65] Y8 
Y56 164] Y9 
Y55 [18) 63] Y10 
Y54 {19 62] Y11 
Y53 (20! 61] Y12 
Y52 [21 60] Y13 
Y51 {22! 59] Y14 
Y50 {23| 58} Y15 
Y49 57] Y16 
Y48 [25| 56) Y17 
Y47 (26 55] 18 
Y46 54] Y19 
Y45 [28 53] Y20 
Y44 {29) 52] ¥21 
Y43 [380 51] Y22 

EIR IBIRIRIRIBRIBIEIRISIISIGIGISIRIgIg 
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(Top view) 
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Absolute Maximum Ratings 


item Symbol Value Unit Note 
Supply voltage Vec — 0.3 to +7.0 V 2 

Ver Vec— 16.5 to Voc + 0.3 Vv 3 
Terminal voltage (1) Vr1 Vez — 0.3 to Voc + 0.3 Vv 4 
Terminal voltage (2) Vr2 -0.3 to Voc + 0.3 V 2,5 
Operating temperature Topr -~20 to +75 °C 
Storage temperature Tstg -55 to +125 °C 
Notes: 1. LSIs may be destroyed if they are used beyond the absolute maximum ratings. 


nd 


In ordinary operation, it is desirable to use them within the recommended operating conditions. 
Use beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND = 0 V. 
Apply the same supply voltage to Veg, and Veg. 
Applies to V1L, V2L, V3L, V4L, V1R, V2R, V3R, and V4R. 
Maintain 
Voc 2 ViL = ViR 2 V3L = V3R 2 V4L = V4R 2 V2L = V2R 2 Vee 
Applies to M, FRM, CL, RST, ADC, 91, 92, CS1, CS2, CS3, E, R/W, D/I, ADC, and DBO-DB7. 
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Electrical Characteristics 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ver = 0 to -10V, Ta = -20 to +75°C) 











Limit 

Item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage ViHC 0.7xVco — Voc V 1 

Vint 2.0 — Voc V 2 
Input low voltage Vic 0 — 0.3xVcco V 1 

Vit 0 — 0.8 V 2 
Output high voltage VoH 2.4 _-_ — V IOH = —205 pA 3 
Output low voltage Voi — a 0.4 V IOL = 1.6mA 3 
Input leakage current lie —1.0 -—— +1.0 pA Vin = GND—Vec 4 
High impedance off rst —5.0 —  +5.0 yA Vin=GND-Voc 5 
input current 
Liquid crystal supply Ist —2.0 — +2.0 pA Vin=Vee-Voo—tséSG 
leakage current 
Driver on resistance Ron — — 7.5 KQ Vec-Vee=15V 7 

thoap =0.1 mA 

Dissipation current lec(1) — — 100 pA During display 8 

leciz2y ll — — 500 yA During Access 8 

access cycle = 
1 MHz 

Notes: Applies to M, FRM, CL, RST, ADC, 61, and 62. 


1 
2. Applies to CS1, CS2, CS3, E, R/W, D/l, and DBO-DB7. 
3. Applies to DBO-DB7. 
4. Applies to terminals except for DBO—DB7. 
5. Applies to DBO-DB7 at high impedance. 
6. Applies to ViL—V4L and ViR—V4R. 
7. Applies to Y1-Y64. 
8. Specified when liquid crystal display is in 1/64 duty. 

Operation frequency: foLk = 250 kHz (61 and 92 frequency) 

Frame frequency: fy = 70 Hz (FRM frequency) 

Specified in the state of 
Output terminal: Not loaded 


input level: Vi = Voc (V) 
Vit. = GND (V) 
Measured at Vcc terminal 
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Interface AC Characteristics 


MPU Interface 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ver = 0 to -10 V, Ta = -20 to +75°C) 


Item Symbol Min Typ Max Unit 
E cycle time tcyc 1000 — — ns 
E high level width Pwen 450 — — ns 
E low level width Pwe 450 — — ns 
E rise time ot — — 25 ns 
E fall time tf — — 25 ns 
Address setup time tas 140 — — ns 
Address hold time taH 10 — — ns 
Data setup time tpsw 200 — — ns 
Data delay time topr _— — 320 ns 
Data hold time (Write) tpHW 10 — — ns 
Data hold time (Read) toHR 20 — — ns 
Notes: 1. 
tcyc 
2.0V 
. 0.8V hin: 
2.0V 
SN at r 
tas TT taH 


CS1-Cs3 20V\) } 
DA 0.8 V 
0.8V 


Figure 1 CPU Write Timing 
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Note 
1,2 
1,2 
1,2 


1,2 


1,2 
1,2 
1,2 


2,3 





HD61102 


CS1-CS3 2.0V [ 
DA 0.8V 
4V 
0.4V 


Figure 2 CPU Read Timing 





3. DBO—DB7: load circuit 


RL=#2.4kQ 
D1 RL R #11kQ 
Test er? ; 
point C = 130 pF (including jig capacitance) 
D2 Diodes D1 to D4 are all IS2074 H). 


C R D3 
D4 
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Clock Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Vez = 0 to -10V, Ta = -20 to +75°C) 


Limit 
item Symbol Min Typ Max Unit Test Condition 
$1, 62 cycle time tcyc 2.5 — 20 ps Fig. 3 
91 low level width twiet 625 -— — ns Fig. 3 
$2 low level width twie2 625 _ —_ ns Fig. 3 
$1 high level width tweet 1875 — — ns Fig. 3 
$2 high level width twHe2 1875 — — ns — Fig. 3 
1-92 phase difference tp12 625 — — ns Fig. 3 
¢2—91 phase difference tp21 625 — — ns Fig. 3 
61, $2 rise time tr — — 150 ns Fig. 3 
61, $2 fall time tf — — 150 ns Fig. 3 





Figure 3 External Clock Waveform 
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Display Control Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Vez = 0 to -10V, Ta = -20 to +75°C) 


Limit 
item Symbol Min Typ Max Unit Test Condition 
FRM delay time toFRM -2 — +2 ps Fig. 4 
M delay time tom -2 _— +2 ps Fig. 4 
CL low level width tWicL 35 _ — us Fig. 4 
CL high level width tWHCL 35 — — ps Fig. 4 





Figure 4 Display Control Signal Waveform 
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Block Diagram 









Liquid crystal display 
driver circuit 
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Terminal Functions 


Terminal Number of Connected 
Name Terminals 1/0 to Functions 
Voc 2 Power Power supply for internal logic. 
GND supply Recommended voltage is 
GND =0V 
Voc = +5 V+ 10% 
VEE 2 Power Power supply for liquid crystal display drive circuit. 
VeE2 supply Recommended power supply voltage is Vocg —15 to GND. 


Connect the same power supply to Veg; and Vero. 
Vege, and Vego are not connected to each other in the LSI. 


ViL, VIR 8 Power Power supply for liquid crystal display drive. 
V2L, V2R supply Apply the voltage specified for the liquid crystals within the 
rae a limit of Veg through Vcc. 


VIL (V1R), V2L (V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 


Power supplies connected with ViL and V1R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 





CST 3 MPU Chip selection. 

po Data can be input or output when the terminals are in the 
following conditions: 
Terminal name CSi CS2 CS3 
Condition L iL H 

E 1 | MPU Enabie 


At write(R/W = low): Data of DBO to DB7 is latched 
at the fall of E. 

At read(R/W = high): Data appears at DBO to DB7 
while E is high. 


RW 1 l MPU Read/write. 


R/W = High: Data appears at DBO to DB7 and can be | 
read by the CPU when E = high, CS1, CS2 
= low and CS3 = high. 

R/W =Low: DBO to DB7 accepted at fall of E when 
C51, CS2 = low and CS3 = high. 

D/I 1 i MPU Data/Instruction. 

D/| = High: Indicates that the data of DBO to DB7 is 
display data. 

D/l= Low: Indicates that the data of DBO to DB7 is 
display control data. 

ADC 1 ; Vcc/GND _ Address control signal determine the relation between Y 
address of display RAM and terminals from which the data is 
output. 

ADC = High: Y1-$0, Y64-$63 

ADC = Low: Y64—-$0, Y1-$63 
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Terminal Functions (cont) 





Terminal Number of Connected 

Name Terminals 1/0 to Functions 

DBO-DB7 8 1/0 MPU Data bus, three-state I/O common terminal. 

M 1 I HD61103A Switch signal to convert liquid crystal drive waveform into 
AC. 

FRM 1 I HD61103A Display synchronous signal (frame signal). Presets the 6-bit 
display line counter and synchronizes a common signal with 
the frame timing when the FRM signal becomes high. 

CL 1 I HD61103A Synchronous signal to latch display data. The rising edge of 
the CL signal increments the display output address 
counter and latches the display data. 

61,62 © 1 | HD61103A  2-phase clock signal for internal operation. The 91 and 92 
clocks are used to perform operations (I/O of display data 
and execution of instructions) other than display. 

Y1-Y64 64 O Liquid Liquid crystal display column (segment) drive output. 

bbe These pins output light on level when 1 is in the display 
spray RAM, and light off level when 0 is in it. 
Relation among output level, M, and display data (D) is as 
follows: 
M | 1 | 0 | 
D | 1 | 0 | 1 0 | 
Output | Vi | V3 | ua V4 | 
level 
RST 1 |  CPUor The following registers can be initialized by setting the RST 
7 external signal to low level: 
CR 1. On/off register set to 0 (display off) 
2. Display start line register set to line 0 (displays 
from line 0) 
After releasing reset, this condition can be changed only by 
instruction. 

DY 1 O Open Output terminal for test. Normally, don't connect any lines 
to this terminal. 

NC 2 Open Unused terminals. Don't connect any lines to these 

| terminals. 
Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 


1. VO buffer 
Data is transferred through 8 data buses (DBO-DB7). 
DB7: MSB (most significant bit) 
DBO: LSB (least significant bit) 
Data can neither be input nor output unless CS1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and. ADC, that is namely, the internal state is 
maintained and no instruction excutes. Besides, pay 
attention to RST and ADC which operate 
irrespectively by CS1 to CS3. 


2. Register 

Both input register and output register are provided 
to interface to MPU whose the speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals. 


a. Input Register 

The input register is used to store data 
temporarily before writing it into display data 
RAM. The data from MPU is written into input 
register, then into display data RAM 
automatically by internal operation. 


HD61102 


When CSI to CS3 are in the active mode and 
D/I and R/W select the input register as shown 
in table 1, data is latched at the fall of E signal. 


b. Output Register 

The output register is used to store data 
temporarily that is read from display data RAM. 
To read out the data from the output register, 
CS1 to CS3 should be in the active mode and 
both D/I and R/W should be 1. The read display 
data instruction outputs data stored in the output 
register while E is high. Then, at the fall of E, 
the display data at the indicated address is latched 
into the output register and the address is 
increased by 1. The contents in the output 
register is rewritten with READ instruction, 
while is held with address set instruction, etc. 


Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one 
dummy read is necessary. Figure 5 shows the 
CPU read timing. 


Table 1 Register Selection 


Reads data out of output register as internal operation (display data RAM 


Writes data into input register as internal operation (input register — display 


D/I R/W Operation 
1 1 
output register). 
1 0 
data RAM). 
0 Busy check. Read of status data. 
0 0 Instruction. 
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Data read 
address 
N +1 


check 


Data at address N + 1 
Busy 


Read 
data at 
address 


check 


Busy 


> 
= 
E 
=| 
2 


Read 
data 


check 


Busy 


Write 
address 
N 


check | 


Busy 


DBO—DB7 | 





Figure 5 CPU Read Timing 
Busy Flag 


Busy flag = 1 indicates that HD61102 is operating read out on DB7 by the Status Read instruction. 
and no instructions except status read can be Make sure that the busy flag is reset (0) before 
accepted (figure 6). The value of the busy flag is _ issuing an instruction. 
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E | 


= T Busy _ 


1/forksT Busy £3/fcik 





fork is@1,02 frequency 


Figure 6 Busy Flag 


Display On/Off Flip/Flop 


The display On/off flip/flop selects one of two 
States, on state and off state of segments Y1 to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is controlled by the display on/off 
instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DBS by the status read instruction. The display 
on/off instruction does not influence data in RAM. 
To control display data latch by this flip/flop, Cl 
signal (display synchronous signal) should be input 
correctly. 


Display Start Line Register 


The register specifies a line in RAM that 
corresponds to the top line of the LCD panel, when 
displaying contents in display data RAM on the 
LCD panel. It is used for scrolling the screen. 


6-bit display start line information is written into 
this register by the display start line set instruction, 
with high level of FRM signal signalling the start 
of the display, the information in this register is 
transferred to the Z address counter, which controls 
the display address, and the Z addr2ss counter is 
preset. 


X, Y Address Counter 


A 9-bit counter that designates addresses of internal 
display data RAM. X address counter (upper 3 bits) 
and Y address counter (lower 6 bits) should be set 
by the respective instructions. 


1. X address counter 
Ordinary register with no count functions. An 
address is set by instruction. 


2. Y address counter 

An address is set by instruction and it is increased 
by 1 automatically by display data R/W operations. 
The Y address counter loops the values of 0 to 63 
to count. 


Display Data RAM 


Dot data for display is stored in this RAM. 1-bit 
data of this RAM corresponds to light on (data = 1) 
and light off (data = 0) of 1 dot in the display panel. 
The correspondence between Y addresses of RAM 
and segment PINs can be reversed by ADC signal. 


As the ADC signal controls the Y address counter, 
a reverse of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, always 
connect ADC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = 0 (display start line = 0, 1/64 duty 
cycle). 
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(HD61103A X1) 
(HD61103A X2) 
(HD61103A X3) 
(HD61103A X4) 
(HD61103A X5) 
(HD61103A X6) 
COM7 (HD61103A X7) 
COM8  (HD61103A X8) 
COM9 (HD61103A X9) 






LCD 
display pattern 


apenas, COM62 (HD61103A X62) 
COM63 (HD61103A X63) 
COM64 (HD61103A X64) 


| Y Y ; 
Line 0 ----- 1111/1 /0]0| DBO(LSB) 
Line 1 ----- 1 DB1 
Line 2 ----- | 0. E DB2 
DB3 
DB4 
DB5 
DB6 
DB7(MSB) 


Display 
RAM data 


616263 RAM Y Address 


ADC =1 (Connected to Voc ) 


Figure 7 Relation between RAM Data and Display 
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(HD61103A X1) 
(HD61103A X2) 
(HD61103A X3) 
(HD61103A X4) 
rte ‘ (HD61103A X5) 
si aa (HD61103A X6) 
(HD61 103A X7) 
(HD61103A X8) 
(HD61103A X9) 
Bilton as 0 COM62 (HD61103A X62) 
eee aes COM63 (HD61103A X63) 
iat eee a i i COM64 (HD61103A X64) 
be Jol? PY At. HD61102 Pin Name 
LineO-----Folitiiijojo| ofofo[s }— DBO(LSB) 
Line1-----H1j0/0/O]1/0] 0 Olo}1 -—4 DB1 
Line2-----Hilolojolijo|  —=—«ss—| 7 OOO wa DB2 
0 DB3 
X=HGGTiiwlol oli t+ HH 
way | Hololotrfof-~~~~~ ofofot DBs 
Display ff RTT - - ofols ee 
RAM data |~+—— |  - r  EE 0 TTT DB6 
ees 0}o]o}o| DB7(MSB) 
eres 0/0/00) 
Xt ea es See 
~~--t1- ! itd 
ttt 
I on 
t 
Line 62 
Line 63 





616263 RAM Y Address 


ADC =1 (Connected to GND) 


Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 


The Z address counter generates addresses for 
outputting the display data synchronized with the 
-common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At FRM 
' high, the contents of the display start line register 
are preset in the Z counter. 


Display Data Latch 


The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. 


Data is latched at the rise of the CL signal. The 
display on/off instruction controls the data in this 
latch and does not influence data in display data 
RAM. 


Table 2 Power Supply Initial Conditions 


Item Symbol Min 
Reset time tast 1.0 
Rise time t, _— 


Liquid Crystal Display Driver Circuit 


The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, V1, V2, V3, and V4 to be output. 


Reset 


The system can be initialized by setting RST 
terminal to low when turning power on. 
1. Display off 
2. Set display start line register 
line 0 


While RST is low level, no instruction except 
status read can be accepted. Therefore, carry out 
other instructions after making sure that DB4 = 0 
(clear RESET) and DB7 = 0 (ready) by status read 
instruction. 

The conditions of the power supply at initial power 
up are as in table 2. 


Typ Max Unit 
eee — ps 
— 200 ns 





Do not fail to set the system again because RESET during operation may destroy the data in all the 


registers except on/off register and in RAM. 


RST 
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Display Control Instructions 


Outline 


Table 3 shows the instructions. Read/write (R/W) 
signal, data/instruction (D/I) signal and data bus 
signals (DBO to DB7) are also called instructions 
because the internal operation depends on the 
signals from MPU. 
These explanations are detailed in the following 
pages. Generally, there are the following three 
kinds of instructions. | 
1. Instruction to set addresses in the internal 
RAM 
2. Instruction to transfer data from/to the 
internal RAM 
3. Other instructions 


HD61102 


In general use, the second type of instruction are 
used most frequently. Since Y address of the 
internal RAM is increased by 1 automatically after 
writing (reading) data, the program can be 
shortened. During the execution of an instruction, 
the system cannot accept instructions other than the 
status read instruction. Send instructions from 
MPU after making sure that the busy flag is 0, 
which is the proof that an instruction is not being 
excuted. 
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Code 
instructions R/W D/I DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Functions 


Display on/off 0 0 0 0 1 1 1 1 1 1/0 Controls display on/off. RAM data and internal 
status are not affected. 1: on, 0: off. 


Display start line 0 0 1 1 Display start line (0-63) Specifies the RAM line displayed at the top of the 


screen. — 


Set page (X address) 0 0 1 0 1 1 31 Page (0-7) Sets the page (X address) of RAM in the page (X 


| address) register. 
Set Y address 0 0 1 Y address (0-63) _ Sets the Y address in the Y address counter. 
Status read 1 0 Busy 0 ON/ RE- 0 0 0 0 Reads the status. 
OFF SET | -_ RESET 1: Reset 
0: Normal 
ON/OFF _ 1: Display off 
0: Display on 
Busy 1: Executing internal operation 
0: Ready 


Write display data 0 1 Write data | Writes data DBO (LSB) Has access to the 
to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 


© 


Read display data 1 1 Read data | Reads data DBO (LSB)  2°Cess. Y address is 


to DB7 (MSB) fromthe increased by 
display RAM to the data 
bus. 





~ Note: 1. Busy time varies with the frequency (fcLk) of 61, and $2. 


(1/ fox < Tausy < 9/ foLk) 


SUOIJINISUT ¢€ IZQEL 


COLLSCH 
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Detailed Explanation 


1. Display on/off 





D/l DB7 DBO 


<— high-order bit low-order bit —> 
The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
when D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = 0 into 
D=1. 


2. Display start line 





D/l DB7 


~ OPP P EEE 


<— high-order bit low-order bit —> | 


Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed at 
the top of the screen. 

Figure 7 shows examples of display (1/64 duty cycle) when the start line = 0-3. When the display duty 
cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD screen, from the line 
specified by display start line instruction, is displayed. 
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COM1 COM!1 
COM2 COM2 
COM3 COM3 
COM4 COM4 
COMS5 COMS5 
COM6 COM6 
COM7 COM7 
COM8 COM8 
COMS COM9 

t t 

7 
COM60 COM60 
COM61 COM61 
COM62 COM62 

_COM63 COM63 
COM64 ~ COM64 
COM1 COM1 
COM2 COM2 
COM3 COM3 
COM4 COM4 
COMS5 COM5 
COM6 COM6 
COM7 COM7 
COM8 COM8 
COM9 COM9 

| ( 

3 | 
COM60 COM60 
COM61 COM61 
COM62 ‘COM62 
COM63 COM63 
COM64 COM64 

. Start line = 2 Start line = 3 


Figure 7 Relation Between Start Line and Display 
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3. Set page (X address) 





D/i DB7 DBO 


<— high-order bit low-order bit —> 


X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 8. | 


4. Set Y address 


D/l DB7 DBO 


«— high-order bit low-order bit —- 





Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 





Y address 





Figure 8 Address Configuration of Display Data RAM 
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 §. Status Read 


RW OD/I ODB7 DBO | 


ON/ 


<+— high-order bit low-order bit —> 





Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 
Busy is 1, so you should make sure that Busy is 0 before writing the next instruction. 
ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. _ 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 
RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except status read can be accepted. 
RESET = 0 shows that initializing has finished and the system is in the usual operation 
condition. 


6. Write Display Data 





RW D/ DB7 DBO 


«— high-order bit low-order bit —> 


Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 


7. Read Display Data 


RAW OD/| = DB7 DBO 


_ «= high-order bit low-order bit —> 





Reads out 8-bit data DDDDDDDD emery) from the display data RAM. Then Y address is increased by 1 
automatically. 


One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61102 


Interface with HD61103A (1/64 duty cycle) 





DL 






Voc 
V1 
HD61102 v2 


V3 
V4 


VEE 





External CR 


CPU 


R3 =15Q 
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Non-selected 


The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 


Figure 9 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 


1. Example of connection with HD6800 


Decoder 


HD6800 HD61102 


Figure 10 Example of Connection with HD6800 Series 


In this decoder (figure 10), addresses of HD61102 in the address area of HD6800 are: 
Read/write of the display data $FFFF 
Write of display instruction $FFFE 
Read out of status $FFFE 

Therefore, you can control HD61102 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 


74LS 154 


HD61102 
No. 1 


(Date bus) 





Figure 11 Example of Connection with HD6801 


e Set HD6801 to mode 5. P10 to P14 are used as 
the output port and P30 to P37 as the data bus 
(table 11). 

¢ 74LS154 4-to-16 decoder generates chip select 
signal to make specified HD61102 active after 
decoding 4 bits of P10 to P13. 

¢ Therefore, after enabling the operation by P10 
to P13 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61102. In this 
case, IOS signal is output from SC1 and R/W 
signal from SC2. 

e For details of HD6800 and HD6801, refer to 
their manuals. — | 
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Example of Application 


Note: 


HD61102 HD61102 HD61102 
No. 9 No. 10 No. 16 


Y1 ~~ Y64 Y1 —™ Y64 Y1 —~ Ye4 


LCD Panel 
128 x 480 dots 


© 
O 
= 
nD 
oo 


Y1 —™ Y64 


HD61102 
No. 8 





Figure 12 Application Example 


In this example (figure 12), two HD61103As output the equivalent waveforms. So, stand-alone 
operation is possible. In this case, connect COM1 and COME6S to X1, COM2 and COME66 to X2, ..., 
and COM64 and COM128 to X64. However, for the large screen display, it is better to drive in 2 
rows as in this example to guarantee the display quality. 
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(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


Description 


The HD61103A is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 


As the HD61103A is produced by a CMOS 
process, it is fit for use in portable battery drive 


Features 


Dot matrix liquid crystal graphic display 
common driver with low impedance 

Low impedance: 1.5 kQ max 

Internal liquid crystal display driver circuit: 64 
circuits 

Internal dynamic display timing generator 
circuit 

Selectable display duty ratio factor 1/48, 1/64, 
1/96, 1/128 

Can be used as a column driver transferring data 
serially 

Low power dissipation: During display: 5 mW 


equipments utilizing the liquid crystal display's low | _* Power supplies: Vec: +5 V 10% 
power consumption. The user can easily construct a Veg: 0 to-11.5 V 
dot matrix liquid crystal graphic display system by ° LCDdriver level: 17.0 V max 
combining the HD61103A and the column °* CMOS process 
(segment) driver HD61102. 

Ordering Information 

Type No. Package 

HD61103A 100-pin plastic QFP(FP-100) 
Absolute Maximum Ratings 
Item Symbol Limit Unit Note 
Power supply voltage (1) Voc —0.3 to +7.0 V 2 
Power supply voltage (2) VEE Voc ~19.0 to Voc + 0.3 V 5 
Terminal voltage (1) Vry -0.3 to Veo + 0.3 V 2,3 
Terminal voltage (2) Ve Vege — 0.3 to Veo + 0.3 V 4,5 
Operating temperature Topr ~20 to +75 °C 
Storage temperature Tstg -~55 to 125 °C 


Notes: 1. 


If LS!Is are used beyond absolute maximum ratings, they may be permanently destroyed. We 


strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


Based on GND =0 V. 


common terminals at high impedance. 


ae AY 


Applies to input terminals (except ViL, VIR, V2L, V2R, VSL, VSR, V6L, and V6R) and I/O 


Applies to ViL, V1R, V2L, V2R, VSL, V5R, V6L, and V6R. 
Apply the same value of voltages to V1L and V1R, V2L and V2R, VSL and V5R, V6L and V6R, 
Vee (23 pin) and Veg (58 pin) respectively. 


Maintain Voc 2 V1L = VIR 2 V6L = V6R > VSL = V5R > VAL = V2R > Veg 
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Pin Arrangement 


100 X23 
99] X24 
98] X25 
97] X26 
96] X27 
95] X28 
94] X29 
93] X30 
92] X31 
191] X32 
189] X34 
88 | X35 
87] X36 
86] X37 
85] X38 
184] X39 
83] X40 
82 | X41 
81] X42 
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80} X43 
X44 
X45 
X46 
76] X47 
75| X48 
X49 
73] X50 
'72\ X51 
X52 
X53 
69] X54 
68] X55 
X56 
66] X57 
65] X58 
64] X59 
63] X60 
62] X61 
61] X62 
60] X63 
59] X64 
58] Vee 
V6R 
56] VSR 
55] V2R 
54] ViR 
53] TH 

52] CL2 
51] CL1 
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Electrical Characteristics 
DC Characteristics (Vcc = +5 V + 10%, GND = 0 V, Vex = 0 to -11.5 V, 
Ta = —20 to +75°C) 


Specifications 
Test item Symbol Min Typ Max Unit Test Conditions Note 


Input high voltage Vin 0.7xVCC — £Voc V 1 
Input low voltage Vin GND — 03xVog V 1 
Output high voltage Vou Veo-04 — — V lou = -0.4 mA 2 
Output low voltage | Vo _ — +04 V lor = +0.4 mA 2 
Vi-Xj on resistance Ron — — 1.5 kQ Vec—VeeE=10V 3 
Load current 
+150 pA 
Input leakage current —s Ii -1.0 — +1.0 pA Vin = 010 Voc 4 
Input leakage current = Ina —2.0 — +2.0 pA Vins VeetoVeo 35 
Operating frequency fopr1 50 — 600 kHz In master mode 
External clock 
operation 
Operating frequency fopr2 50 — 1500 kHz In slave mode 7 
Shift register 
Oscillation frequency fosc 315 450 585 KHz Cf=20pF+5%. 8,13 
| Rf = 47kQ+2% 
Dissipation current (1) Iaai — — 1.0 mA In master mode 9, 10 
1/128 duty cycle 
Cf = 20 pF 
Rf = 47 kQ 
Dissipation current (2) Iggo — — 200 pA in slave mode 9,11 
| 1/128 duty cycle 
Dissipation current lee —— — 100 pA In master mode 9,12 
1/128 duty cycle 





Notes: 1. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH and /O 
common terminals DL, M, DR and CL2 in the input state. | 
2. Applies to output terminals, 61, 62, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output status. 
3. Resistance value between terminal X (one of X1 to X64) and terminal V (one of ViIL, V1R, V2L, 
V2R, VSL, V5R, V6L, and V6R) when load current is applied to each terminal X. 
Equivalent circuit between terminal X and terminal V. 
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Ron 
Mi» Vir 


Va_. YR ——_——_—_——-o 
Nb VR ————————_-o Terminal X (X1—X64) 


VeL. 4R ———————-o 


Connect one of the lines 


4. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, /O common 
terminals DL, M, DR and CL2 in the input status and NC terminals. 

5. Applies to VIL, ViR, V2L, V2R, VSL, VSR, V6L, and V6R. 
Don't connect any lines to X1 to X64. 

6. External clock is as follows. 


TH TL 








_ TH _ 9 
Men 
Min Typ Max Unit 
+. —_—_ 
wy 45 0—« 50 55 


° 


External clock 
waveform 


0.7Vcc 
0.5Vcc 
0.3Vcc 


Duty cycle = 






FE? (a Ae oe ae a ees 
nop ticp trcp = = 50 ns 
External 
clock Open Open ticp - - 50 ns 
CR R C 


7. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 
8. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is twice as much as the frequency (fo) at 91 or 42. 


Cf =20pF 
Rf = 47kQ fosc = 2 xfo 


9. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at Vy = Veco and Vi_ = GND. 

10. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is 
connected to Vcc and each of CL1 and TH to GND. Oscillator is set as described in note 8. 

11. This value is specified for current flowing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to Voc, CL1, TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL 
of the HD61103A under the conditions described in note 10. | 
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12. This value is specified for current flowing through Veg under the condition described in note 


10. Don't connect any lines to terminal V. 
13. This figure shows a typical relation among oscillation feaUney. Rt and Cf. Oscillation 


frequency may vary with the mounting conditions. 


600 


400 


fose (kHz) 


200 
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AC Characteristics 
(Vcc = +5 V + 10%, GND = 0 V, Ver = 0 to -11.5 V, Ta = -20 to +75°C) 


1. Slave Mode (M/S = GND) 


CL2 0.7Vcc 
(FCS = GND) 0.3Vcc 


tr 
tr 


Cl2 0.7V 
(FCS = Voc) = F 


(Shift clock) 0.3Vcc 


(Shift clock) 


DL (SHL = Voc) 
DR (SHL = GND) 
input data 





DR (SHL = Voc) 
DL (SHL = GND) 
Output data 





Item Symbol Min Typ Max Unit Note 


CL2 low level width (FCS = GND) tWLCL2L 450 — — ns 
CL2 high level width (FCS = GND) tWHCL2L 150 — — ns 
CL2 low level width (FCS = Voc) tWLCL2H 150 _ — ns 
CL2 high level width (FCS = Vcc) tWHCL2H 450 — _ ns 
Data setup time tag 100 —_ _ ns 
Data hold time too 100 — — ns 
Data delay time top — — 200 ns 1 
Data hold time toHw 10 — _ ns 
CL2 rise time tr — _— 30 ns 
CL2 fall time tf — _— 30 ns 





Note: 1. The following load circuit is connected for specification. 


Output 


Terminal 30 pF (Includes jig capacitance) 


ry 
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2. Master Mode (M/S = Vcc, FCS = Vcc, Cf = 20 pF, Rf = 47 kQ) 


CL2 
tou 


DL (SHL = Voc) 
DR (SHL = GND) 





DR (SHL = Voc) 
DL (SHL = GND) 0.3Voc 


tpFRM tpFRM 


0.3Vcc 


tpm 


0.7Vcc 
0.3Vcc 


tr ty tWHo1 


a1 


o2 





tt twee tr 
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Item Symbol Min Typ Max Unit Note 
Data setup time tps 20 _— — us 
Data hold time tpH 40 — — ps 
Data delay time top 5 — — us 
FRM delay time toFRM -2 _ +2 ws 
M delay time tom -2 — +2 ys 
CL, low level width twice 35 — — ps 
CL high level width tWHCL2 35 _ — ps 
¢1 low level width tWLo1 700 — — ns 
$2 low level width tWLe2 700 —_ —_ ns 
$1 high level width tWHe1 2100 — — ns 
$2 high level width tWH62 2100 _— — ns 
1— 2 phase difference tp12 700 — — ns 
2-1 phase difference too 700 — — ns 
$1, 62 rise time tr —_— ae 150 ns 
61, $2 fall time tf — — 150 ns 
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V2L VEL | 
VILIVSL| x4 yo 64 output terminals V2R V6R 


aN LR ERR Yee Ete eee X62 X63 X64 V1RI V5R 


Vec z Pe 
GND e e e 
Veg Liquid crystal display 

driver circuits 


DL Bidirectional shift | 
i Oo — am, 


jt 


ot ——— 
M 
Timing generation circuit ee ee eRe CL2 
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Block Functions 


Oscillator 


The CR oscillator generates display timing signals and operating clocks for the HD61102. It is required 
when the HD61103A is used with the HD61102. An oscillation resistor Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
Clock, input the clock into terminal CR and don't connect any lines to terminal R and C. | 


R CR Cc 


Open External Open 
clock 





Figure 1 Oscillator Connection with HD61102 


The oscillator is not required when the HD61103A is used with the HD61830. Connect terminal CR to the 
high level and don't connect any lines to terminals R and C (figure 2). 


R CR C 


Open Vec Open 





Figure 2 Oscillator Connection with HD61830 
Timing Generator Circuit 


The timing generator circuit generates display timing and operating clock for the HD61102. This circuit is 
required when the HD61103A is used with the HD61102. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals FS, DS1, and DS2 to high level and M/S to low level (slave 
mode). 


Bidirectional Shift Register 


A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to X1 and the highest order bit on the DR 
side corresponds to X64. 
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HD61103A 
Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels V1, V2, V5 and V6 to be transferred to the output terminals (table 1). 


Table 1 Output Levels 


Data from the 


Shift Register RM Output Level 
1 1 v2 
0 1 V6 
1 0 v1 
0 0 V5 
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HD61103A Terminal Functions 


Terminal 
Name 
Voc 

GND 

VEE 


VIL, V2L, 
VSL, V6L, 
V1iR, V2R, 
V5R, V6R 


Number of 
Terminals 


1 


1 
2 
8 


Connected 
1/0 to 


Power 
supply 


Power 
supply 


i Veco or GND 


| Voc or GND 


HD61103A 


Function 
Voc — GND: Power supply for internal logic. 
Voc — Vee: Power supply for driver circuit logic. 


Liquid crystal display driver level power supply. 


ViL (ViR), V2L (V2R): Selected level 
VSL (V5R), V6L (V6R): Non-selected level 


Voltages of the level power supplies connected to V1L 
and V1R should be the same. 


(This applies to the combination of V2L & V2R, VSL & 
V5R and V6L & V6R respectively) 


Selects master/slave. 
M/S = Vcc: Master mode 


When the HD61103A is used with the HD61102, timing 
generation circuit operates to supply display timing 
signals and operation clock to the HD61102. Each of 
VO common terminals DL, DR, CL2, and M is in the 
output state. 


M/S = GND: Slave mode 


The timing operation circuit stops operating. The 
HD61103A is used in this mode when combined with the 
HD61830. Even if combined with the HD61 102, this 
mode is used when display timing signals (M, data, CL2, 
etc.) are supplied by another HD61103A in the master 
mode. 


Terminals M and CL2 are in the input state. 


When SHL is Voc, DL is in the input state and DR is in 
the output state. 


When SHL is GND, DL is in the output state and DR is in 
the input state. 


Selects shift clock phase. 


FCS = Voc: Shift register operates at the rising 
| edge of CL2. Select this condition 
when HD61103A is used with HD61102 
or when MA of the HD61830 connects 
to CL2 in combination with the 
HD61830. 


FCS =GND: Shift register operates at the fall of 
CL2. Select this condition when CL1 of . 
HD61830 connects to CL2 in 
combination with the HD61830. 
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HD61103A Terminal Functions (cont) 


Terminal Number of Connected | 
Name Terminais 1/0 to Function 
FS 1 i VecorGND Selects frequency. 
When the frame frequency is 70 Hz, the oscillation. 
frequency should be: 
fosc = 430 kHz at FCS = Voc 
fosc = 215 kHz at FCS = GND 
This terminal is active only in the master mode. Connect 
it to Vcc in the slave mode. 
DS1,DS2 2 | VecorGND Selects display duty factor. 
Display Duty Factor 1/48 1/64 1/96 1/128 
DS1_ GND GND Voc Vcc 
DS2 GND Voc GND Vcc 
These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 
STB Ss VecorGND input terminal for testing. 
sy Connect STB to Vcc. 
Connect TH and CL1 to GND. 
CR, R, C 3 7 Oscillator. 
In the master mode, use these terminals as shown 
below. 
Usage of these terminals in the master mode: 
Internal oscillation External clock 
External 
\ aon Open Clock Open 
R CR C R CR Cc 
In the slave mode, stop the oscillator as shown below: 
Open Vec Open 
R CR Cc 
o1, $2 2 O HD61102 Operating clock output terminals for the HD61102. 


Master mode: Connect these terminals to terminals 
$1 and 62 of the HD61102 


respectively. 


Slave mode: Don't connect any lines to these 
| terminals. _ | 
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HD61103A Terminal Functions (cont) 


Terminal Number of Connected 
Name Terminals 1/0 to Function 
FRM 1 O HD61102 Frame signal. 
Master mode: Connect this terminal to terminal FRM 
of the HD61102. 
Slave mode: Don't connect any lines to this 
terminal. 
M 1 /O MBof Signal to convert LCD driver signal into AC. 
HD61830 or Master mode: Out j 
: put terminal 
M of HD61102 Connect this terminal to terminal M of 
the HD61102. 
Slave mode: Input terminal. 
Connect this terminal to terminal MB 
_of the HD61830. 
Cl2 1 10 CLI1orMA Shift clock. 
of HD61830 Master mode: Output terminal 
ie of Connect this terminal to terminal CL of 
1102 the HD61102. 
Slave mode: Input terminal 
Connect this terminal to terminal CL1 
or MA of the HD61830. 
DL, DR 2 (‘0 OpenorFLM Data I/O terminals of bidirectional shift register. 


of HD61830 py corresponds to X1's side and DR to X64's side. 


Master mode: Output common scanning signal. 
Don't connect any lines to these 
terminals normally. 


Slave mode: Connect terminal FLM of the HD61830 
| to DL (when SHL = Voc) or DR (when 


SHL = GND) 
WS Veco GND 
SHL Voc GND Voc GND 


DL Output Output. Input Output 


DR Output Output _ Output Input 
NC 5 Open Not used. , 
Don't connect any lines to this terminal. 


SHL 1 | VecorGND _ Selects shift direction of bidirectional shift register. 
SHL = Shift Direction Common Scanning Direction 


Voc DL-ODR X1 > X64 
GND DL<DR X1 <— X64 
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HD61103A Terminal Functions (cont) 


Terminal 
Name 


X1-X64 


Number of Connected | | 

Terminals 1/0 to Function 

64 O Liquid crystal Liquid crystal display driver output. . 
display Output one of the four liquid crystal display driver levels 


V1, V2, V5, and V6 with the combination of the dat from 
the shift register and M signal. 


M | 1 0 | 
Data 1 0 1 0 


Output v2 | ve | vi | V5 
level . 


Data 1: Selected level 
0: Non-selected level 
When SHL is Voc, X1 corresponds to COM1 and X64 
corresponds to COM64. 


When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. 
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H: V. “——" means “open”. 


" © } Fixed 
L: GND 


) 92 FRM — oM 
from MB 
of 
HD61830 


from MB 
of 
HD61830 


from MB 
of 
HD61830 


to $1 to¢2 toFRM toM 
of of of of 
HD61102 HD61102 HD61102 HD61102 


to 61 1062  toFRM ty 


0 of of 
61102, HD61102 
HD61102 HD61102 HD61102 nes 103A HD61103A 


from M 


No. 1 


Rf: Oscillation resister 


Cf: Oscillation capacitor 


Cl2 SHL 


from CL1 
of 
HD61830 


from MA 
of 
HD61830 


from MA 
of 
HD61830 


to CL 
of 
HD61102 


to CL of 
HD61102 
to CL2 of 


from ee 


Oo \°) 
HD61103A HD61103A 


No. 1 


rT 


<= 


<x 


<= 


DL DR X1—X64 
from FLM 
of — COM1—COM64 
HD61830 
from FLM 
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HD61830 
fomFLM toDL/DR 
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HD61830 No. 2 
toDL/DRof from FLM 
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HD61103A — COM65-COM128 
No. 1 
— fom OLDE COM128-COM6S 
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to DL/DR 
— of HD61103A COM1-COM64 
No. 2 
to DUDR 
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from DUDR 
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No. 1 
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o. 








SIT GOKIINUOD VEOLIIGH 


uonesyddy jo ajduexy 


VEOTI9CH 





HD61103A 


Outline of HD61103A System Configuration 


1, Use with HD61830° 


a. When display duty ratio of LCD is more than 1/64 


HD61830 


COmM1 
, L 
COM64 a 








HD61830 








One HD61103A drives 
common signals. 


One HD61103A drives 
common signals for 
upper and lower 
panels. 


Two HD61103As drive 
upper and lower 
panel separately 


to ensure the 


quality of display. 
No. 1 and No. 2 
operate in parallel. 


b. When display duty ratio of LCD is from 1/65 to 1/128 





HD61830 


Two HD61103As 
connected serially 
drive common signals. 


- Two HD61103As 


connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 
HD61103As connected 
serially drive upper 
and lower panels in 
parallel to ensure 

the quality of display. 
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Refer to 
Connection list A 


Refer to 
Connection list A 


For both of No. 1 
and No. 2, refer to 
Connection list A 


Refer to 
Connection list B 
for No. 1. 

Refer to Connection 
list C for No. 2. 


Refer to 
Connection list B 
for No. 1. 

Refer to Connection 
list C for No. 2. 


Refer to 
Connection list B 
for No. 1 and 3. 
Refer to 
Connection list C 
for No. 2 and 4. 





HD61103A 


2. Use with HD61102 (1/64 duty ratio) 


One HD61103A drives 





common signals and Refer to 
supplies timing Connection list D 
signals to the 
HD61 102s. 
One HD61103A drives 
upper and lower Refer to 
panels and supplies Connection list D 
timing signals to 
the HD61102s. 
Two HD61103As drive Refer to 
upper and lower Connection list E 
panels in parallel for No. 1 
to ensure the 
Refer to 


uality of display. 
No. Hacer ‘ Connection list F 
timing signals to for No. 2 
No. 2 and the 
HD61102s. 





HITACHI 7 573 








HD61103A 


Connection Example 1 


Use with HD61102 (RAM type segment driver). 
_ a. 1/64 duty ratio (See Connection List D) 


LCD panel 


3 
a 
Hu 
al 
< 
7) 
% 
2 
< 
iP) 
=) 
Tf 
re 
co 
Q 
= 


R3 =152 





Figure 1 Example 1 


Note: 1. The values of Ri and R2 vary with the LCD panel used. 
| When bias factor is 1/9, the values of R1 and R2 should satisfy 


eee: | ne 
4R1+R2" 9 
For example, 


R1=3kQ, R2#15kQ 
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Note: Phase difference between DL (DR) and CL2 
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( ): at SHL = Low 


Figure 2 Example 1 Waveform (RAM type, 1/64 duty cycle) 
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Connection Example 2 


Use with HD61830 (Display controller). 
a. 1/64 duty ratio (See Connection list A) 


LCD panel 


HD61830 


DL(DR) 





Display Controller 
DRIDL) __ (Display ) 


HD61203A ( )is at SHL = Low 


See Connection Example 1 


SHL 
DS1 
DS2 

TH 
CLI 

FS 
M/S 
FCS 
STB 





Figure 3 Example 2 (1/64 duty ratio) 
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Figure 4 Example 2 Waveform (1/64 duty ratio) 
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b. 1/100 duty ratio (See Connection list B, C) 
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Figure 5 Example 2 (1/100 duty ratio) 
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Figure 6 Example 2 (1/100 duty ratio) 
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(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) | 


| Description 


HD61202 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro controller in the internal display RAM and 
generates dot matrix liquid crystal driving signals. 


Each bit data of display RAM corresponds to the 
on/off state of a dot of a liquid crystal display to 
provide more flexible than character display. 


As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
display with many dots. 


The HD61202, which is produced in the CMOS 
process, can complete portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 


Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61203. 


Features 


e Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

¢ RAM data direct display by internal display 
RAM 

. RAM bit data 1: On 

RAM bit data 1: Off 

¢ Internal display RAM address counter preset, 
increment 

e Display RAM capacity: 512 bytes (4096 bits) 

e  §8-bit parallel interface 

¢ Intemal liquid crystal display driver circuit: 64 

¢ Display duty cycle: | 
Drives liquid crystal panels with 1/32-1/64 
duty cycle multiplexing 

¢ Wide range of instruction function: 
Display Data Read/Write, Display On/Off, Set 
Address, Set Display Start Line, Read Status 

e Lower power dissipation: during display 2 mW 
max | 

¢ Power supply: Vcc: 5 V + 10% 

e Liquid crystal display driving voltage: 8 V to 
17.0 V 

« CMOS process 


Ordering Information 


Type No. Package 

HD61202 100-pin plastic QFP(FP-100) 
~HD61202TFIA = 100-pin thin plastic QFP(TFP-60) 

HD61202D Chip 
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Absolute Maximum Ratings 


Item Symbol Value Unit Note 

Supply voltage Voc -0.3 to +7.0 V 2 
Veet Voc —19.0 to Voc + 0.3 V 3 
VEE2 

Terminal voltage (1) Vri Vee — 0.3 to Voc + 0.3 V 4 

Terminla voltage (2) Vr 0.3 to Voc + 0.3 V 2,5 

Operating temperature Topr -20 to +75 °C 

Storage temperature Tstg -55 to +125 — 98S 


Notes: 1. LSIs may be destroyed if they are used beyond the absolute maximum ratings. 
In ordinary operation, it is desirable to use them within the recommended operation 
conditions. 
Using them beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND = 0 V. 
Apply the same supply voltage to Veg; and Vero. 
4. Applies to ViL, V2L, V3L, V4L, V1R, V2R, V3R, and V4R. 
Maintain 
Voc 2 VIL = VIR 2 V3L = V3R 2 V4L = V4R 2 V2L = V2R 2 Ver 
5. Applies to M, FRM, CL, RST, ADC, 61, 62, CS1, CS2, CS3, E, R/W, D/l, and DBO-DB7. 


1 
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Pin Arrangement 


Veeo L8 


HD61202 


(FP-100) 


< 
oa) 
SISISINISIRES ISIS |S oles] oor} ero |=fo 
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V4L 
V3L 


V2L 


Y1iL 
VEE1 
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Electrical Characteristics 





(GND = 0 V, Vcc = 4.5 to 5.5 V, Vec - VEE = 8 to 17.0 V, Ta = -20 to 
+75°C) 
Limit 
Item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage Vine 0.7xVoo — Vcc V 1 
ViHT 2.0 — Vcc V 2 
Input low voltage Vitc 0 — 03xVeo V 1 
a Vit 0 — 0.8 V 2 
Output high voltage Von 2.4 — — V lon = —205 pA 3 
Output low voltage Vo — — 0.4 ~V lo. = 1.6 mA 3 
Input leakage current Nit —1.0 — +1.0 pA Vin = GND-Voo 4 
Three-state (off) st -5.0 — +5.0 pA  Vin=GND-Voo 5 
input current | 
Liquid crystal supply Its ~2.0 — +2.0 pA Vin=VeE—-Vec «6 
leakage current : 
Driver on resistance Ron — — 7.5 kQ  Voc—Vee=15V 8 
+hoap = 0.1 mA 
Dissipation current Iec(1) — — 100 uA _— During display 7 
loc (2)  — = 500 wA —- During access 7 


access cycle = 1 MHz 





Notes: 
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Applies to M, FRM, CL, RST, 91, and ¢2. 
Applies to CS1, CS2, CS3, E, R/W, D/l, and DBO-DB7. 
Applies to DBO—DB7. 
Applies to terminals except for DBO—-DB7. 
Applies to DBO-DB7 at high impedance. 
Applies to V1L—V4L and V1R—V4R. 
Specified when liquid crystal display is in 1/64 duty cycle mode. 

Operation frequency fork = 250 kHz (91 and 42 frequency) 

Frame frequency fy = 70 Hz (FRM frequency) 
Specified in the state of 

Output terminal: not loaded 

Input level: Vin = Voc (V) 

Vi, = GND (V) 

Measured at Voc terminal 
Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through one of the terminals Y1 to Y64. This value is 
specified under the following condition: 
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Voc~ Veg= 15.5 V 
Mic = Vin» Vai= Var= Voo- 2/7 (Voc Vee) 


RON 
Vit ’ Vir nf 
Vg_. VaR ——______-» 
Terminal Y 
V4» VaR ———————o ~ (Y1-Y64) 


VoL, Vor 


The following is a description of the range of power supply voltage for liquid crystal display drive. Apply - 
positive voltage to VIL = V1R and V3L = V3R and negative voltage to V2L = V2R and V4L = V4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage Voc — Ver. 


Vec 
ape V1 (Vit = VaR) 






Range of Power Supply . 


---~ V3 (Va, = Var) Voltage for Liquid Crystal. 
a Display Drive 


eeee ii oes V4 (V4L= Var) 





Spo ee v2 (Vo_ = Vor) 
EE 


8 17.0 
Veco ~- Vee (VY) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage Voc" V EE and AV 


Supply Voltages for Liquid 
Crystal Display Drive 
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Terminal Configuration 


Input Terminal 
Vv Appiicable terminals : oe ee 
ce M, FRM, CL, RST, 61, 2, CS1, CS2, CS3, 
E, RW, D/A, ADC 
PMOS | 
NMOS 
Input/Output Terminal 


Applicable terminals: DBO-DB7 


V 
me (Input circuit) 


t+— Enable 


Data 





s (Output circuit) 
[three state]) 


Output Terminal 


Applicable Terminals: 
Y1-Y64 


ViL, VIR 
V3L, V3R 
V4L, V4R 


VaL, V2R 
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Interface AC Characteristics 


MPU Interface 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75°C) 





item | Symbol Min Typ Max Unit Note 
E cycle time tcyc 1000 — — ns 1,2 
E high level width PwenH 450 — — ns 1,2 
E low level width -Pwet 450 — — ns 1,2 
Erisetime — tr — _ 25 ns 1,2 
E fall time tf — — 25 ns 1,2 
Address setup time tas 140 — — ns 1,2 
Address hold time tan 10 — — ns 1,2 
Data setup time tosw 200 — — ns 1 
Data delay time tppr — — 320 ns 2,3 
Data hold time (Write) toHw 10 — — ns 1 
Data hold time (Read) toHR 20 | — — ns 2 
Notes: 1. 
tcyc 
2.0 V 
. 0.8V disease 


CS1-CS3 20V\ i 
D/ 0.8 V 
| 0.8V 


Figure 1 CPU Write Timing 
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Notes: 2. 
tcyc 

[ cece 
E Pwet | PWEH | 

Ly 
RAW 2.0V F 

osvy gi 
AS — 
D/l 0.8 V 
tpprR 


DBO-DB7 


_ Figure 2 CPU Read Timing 


3. DBO—-DB7: load circuit 


| RL 
Test D1 
point 
D2 


CG R D3 
D4 
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RL=2.4kQ 

R =#11kQ 

C = 130 pF (including jig capacitance) 
Diodes D1—D4 are all 1S2074 ) : 
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Clock Timing 
(GND = 0 V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75°C) 


Limit 
Item Symbol Min Typ Max Unit Test Condition 
41, «2 cycle time tcyc 2.5 — 20 ps Fig. 3 
¢1 low level width tweet 625 — — ns Fig. 3 
42 low level width twre2 625 _ _ ns Fig. 3 
¢1 high level width twHe1 1875 — — ns Fig. 3 
¢2 high level width twHe2 1875 — — ns Fig. 3 
¢1—#2 phase difference to12 625 — — ns Fig. 3 
¢2—¢1 phase difference tpa1 625 — — ns Fig. 3 
61, ¢2 rise time tr _ — 150 ns Fig. 3 
61, 62 fall time tf —_ — 150 ns Fig. 3 





0.7Vcc 


0.3Vcc 


tla, 





Figure 3 External Clock Waveform 
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Display Control Timing 


(GND = 0V, Vcc = 4.5 to 5.5 V, Ta = -20 to +75 °C) 


Limit 
item Symbol Min Typ 
FRM delay time toFRM -2 — 

M delay time tom ~2 _ 
CL low level width twice 35 _ 
CL high level width | tWHCL 35 — 





+2 
* +2 


Unit 
ps 
us 
ps 
us 


Figure 4 Display Control Signal Waveform 
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Test Condition 
Fig. 4 | 
Fig. 4 
Fig. 4 
Fig. 4 





HD61202 


Block Diagram 


~aor i) ase cess 
>>> >_> > > > > > > 3eo > 


ia Liquid crystal display | : 
driver circuit 





























M 
8 = 5 CL 
ADC S = i= FRM 
8 8 
3 : 
a = @ 
3 ¢ S| |5s 
> 5 © Y 2 
< N ss ; 
Voc 22 
GND oe 
Veet | 
Vege 
= 
; 
Instruction 
! _ register 
a 
9! Input Output 
8 ! register register 
«i 
tl @ 
Zl 
a VO butfer = 
i 
! 5 a1 
Ce ot ft ieee o2 
ce) ~ 
Q ao 
je Sus 
O ra 
2 
O 
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Terminal Functions 


Terminal Number of Connected 

Name Terminals 1/0 to Functions 

Voc 2 Power Power supply for internal logic. 

GND supply Recommended voltage is: 

GND = 0V 
Voc = 5 V+10% 

VEE1 2 Power Power supply for liquid crystal display drive circuit. 

VeE2 supply Recommended power supply voltage is Voc — Veg = 8 to 17.0 
V. Connect the same power supply to Veg, and Vego. Vee; 
and Vege are not connected each other in the LSI. 

ViL, V1R = 8 Power Power supply for liquid crystal display drive. 

VaL, V2R supply Apply the voltage specified depending on liquid crystals 

ue an within the limit of Veg through Voc. 

ViL (V1R), V2L (V2R): Selection level 

V3L (V3R), V4L (V4R): Non-selection level 
Power supplies connected with V1L and V1R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 

CSi 3 | MPU Chip selection. 

oo Data can be input or output when the terminals are in the 
following conditions: 

Terminal Name CSi CS2 CS3 
Condition L L H 

E 1 l MPU Enable. 

At write(R/W = Low): Data of DBO to DB7 is latched at 
the fail of E. 

At read(R/W = High): Data appears at DBO to DB7 while 
E is at high level. 

RW 1 | = MPU Read/write. 

R/W =High: Data appears at DBO to DB7 and can be 
read by the CPU. 
When E = high, CS1, CS2 = low and CS3 = 
high. 

RWW =Low: DBO to DB7 can accept at fall of E when 
CS1, CS2 = low and CS3 = high. 

D/I 1 I MPU Data/instruction. 

D/ii= High: Indicates that the data of DBO to DB7 is 
display data. 


D/l = Low: Indicates that the data of DBO to DB7 is 
display control data. 
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Terminal Functions (cont) 


Terminal Number of Connected 
Name Terminals I/O to Functions 
ADC 1 | Vec/GND __ Address control signal to determine the relation between Y 
address of display RAM and terminals from which the data is 
output. 
ADC «High: Y1: $0, Y64: $63 
ADC =Low: Y64:$0, Y1: $63 
DB1-DB7 8 YO MPU Data bus, three-state /O common terminal. 
M 1 I HD61203 Switch signal to convert liquid crystal drive waveform into 
| AC. 
FRM 1 l HD61203 Display synchronous signal (frame signal). 


Presets the 6-bit display line counter and synchronizes the 
common signal with the frame timing when the FRM signal 
becomes high. 


CL 1 I HD61203 Synchronous signal to latch display data. The rising CL 
signal increments the display output address counter and 
latches the display data. 

61, 92 2 I HD61203 2-phase clock signal for internal operation. 


The 91 and 92 clocks are used to preform operations (I/O of 
display data and execution of instructions) other than 





display. 
Y1-Y64 64 O Liquid Liquid crystal display column (segment) drive output. 
crystal These pins outputs light on level when 1 is in the display 


display RAM, and light off level when 0 is it. 
Relation among output level, M, and display data (D) is as 


follows: 
M 1 | 0 | 
D 1] 047170 
oe | v1 Lys | v2 | v4 | 
RST 1 l CPU or The following registers can be initialized by setting the RST 


external CR — signal to low level. 
1. On/off register 0 set (display off) 


2. Display start line register line 0 set (displays from 
line 0) | 
After releasing reset, this condition can be changed only by 
instruction. 


NC 3 Open Unused terminals. Don't connect any lines to these 
terminals. 





Note: 1 corresponds to high level in positive logic. 


HITACHI 593 





HD61202 


Function of Each Block 
Interface Control 


1. VO buffer | 

Data is transferred through 8 data bus lines (DBO- 
DB7). 
DB7: 
DBO: 


MSB (Most significant bit) 
LSB (Least significant bit) 


Data can neither be input nor output unless CS1 to 


CS3 are in the active mode. Therefore, when CSI 
to CS3 are not in active mode it is useless to 
switch the signals of input terminals except RST 
and ADC; that is namely, the internal state is 
maintained and no instruction excutes. Besides, pay 
attention to RST and ADC which operate 
irrespectively of CS1 to CS3. 


2. Register 

Both input register and output register are provided 
to interface to an MPU whose speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals (table 1). 


a. Input register 

The input register is used to store data temporarily 
before writing it into display data RAM. 

The data from MPU is written into the input 
register, then into display data RAM automatically 
by internal operation. When CS1 to CS3 are in the 
active mode and D/I and R/W select the input 
register as shown in table 1, data is latched at the 
fall of the E signal. 


Table 1 Register Selection 


D/I R/W Operation 

1 1 
register) 

1 0 

0 + Busy check. Read of status data. 
Instruction 


b. Output register 

The output register is used to store data temporarily 
that is read from display data RAM. To read out the 
data from output register, CS1 to CS3 should be in 
the active mode and both D/I and R/W should be 1. 
With the read display data instruction, data stored in 
the output register is output while E is high level. 
Then, at the fall of E, the display data at the 
indicated address is latched into the output register 
and the address is increased by 1. 


The contents in the output register are rewritten by 
the read display data instruction, but are held by 
address set instruction, etc. 


Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one dummy 
read is necessary. Figure 5 shows the CPU read 
timing. 


_ Reads data out of output register as internal operation (display data RAM ~ output 


Writes data into input register as internal operation (input register — display data RAM) 
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S6S 


Su, peay Ndd § aandiy 


OV. ef 
ee aia, 
Boat ee “eel eT ee ee es Lee 




















Address NN N+2 
Output , 
on: Data at address N+ 1 
| Busy Write Busy Read Busy Read Busy Data read 
DBO-D67 | check | address check data check | data at check | address 
N (dummy) address N +1 
N 
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Busy Flag 


Busy flag = 1 indicates that HD61202 is operating 
and no instructions except status read instruction 
can be accepted. The value of the busy flag is read 


out on DB7 by the status read instruction. Make 
sure that the busy flag is reset (0) before issuing 
instructions. 


= T Busy a 


fork is@1, 92 frequency 


tAcix<sT Busy <3A ci 





Figure 6 Busy Flag 


Display On/Off Flip/Flop 


The display on/off flip/flop selects one of two 
States, on state and off state of segments Y1 to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is controlled by display on/off 
instruction. RST signal = 0 sets the segments in 
off state. The status of the flip/flop is output to 
DBS by status read instruction. Display on/off 
— instruction does not influence data in RAM. To 
control display data latch by this flip/flop, CL 
signal (display synchronous signal) should be input 
correctly. 


Display Start Line Register 


The display start line register specifies the line in 
RAM which corresponds to the top line of LCD 
panel, when displaying contents in display data 
RAM on the LCD panel. It is used for scrolling of 
the screen. 


6-bit display start line information is written into 
this register by the display start line set 
instruction. When high level of the FRM signal 
Starts the display, the information in this register is 


transferred to the Z address counter, which controls 
the display address, presetting the Z address 
counter. : 


X, Y Address Counter 


A 9-bit counter which designates addresses of the 
internal display data RAM. X address counter 
(upper 3 bits) and Y address counter (lower 6 bits) 
should be set to each address by the respective 
instructions. 


1. X address counter . 
Ordinary register with no count functions. An 
address is set by instruction. 


2. Y address counter | | 
An address is set by instruction and is increased by 
1 automatically by R/W operations of display data. 
The Y address counter loops the values of 0 to 63 
to count. 


Display Data RAM 


Stores dot data for display. 1-bit data of this RAM 
corresponds to light on (data = 1) and light off (data 
= 0) of 1 dot in the display panel. The 
correspondence between Y addresses of RAM and 
segment pins can be reversed by ADC signal. — 
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As the ADC signal controls the Y address counter, 
reversing of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, never fail to 
connect ADC pin to Vcc or GND when using. 


Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = 0 (display start line = 0, 1/64 duty 
cycle). 
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COM1 (HD61203 X1) 
COM2 (HD61203 X2) 
COM3 (HD61203 X3) 
LCD COM4 (HD61203 X4) 
acla Bae COMS5  (HD61203 X5) 
nore COM6 (HD61203 X6) 
COM7 (HD61203 X7) 
COM8 (HD61203 X8) 
COM9 (HD61203 X9) 
an 0 COM62 (HD61203 X62) 
be fed COM63 (HD61203 X63) 
| | COM64 (HD61203 X64) 
62163] Y64 HD61202 Pin Name 
Line 0 ----— 0 }o}1 DBO(LSB) 
Line 1 ---~— 0 }0}4 -—P DB1 
Line 2 ----— 010 ]1 -—-- | DB2 
| 1 {o]1 | DB3 
n= oft {7} DB4 
Displa fofolt}-+ DB5 
piay ofols tH DBS 
eee fojofof} t+ DB7(MSB) 
| 10 }ojo. 
X= ae 
Line 62 
Line 63 
RAM Y Address 





ADC = 1 (Connected to Voc) 


Figure 7 Relation between RAM Data and Display 
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(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 










LCD 
, HD61203 X5 
a cal asec ted 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X39) 
ek. a ss 
Sete ee COM62 (HD61203 X62) 
oes feeslcelenl COM63 (HD61203 X63) 
ae Cualed COM64 (HD61203 X64) 
; On Ol] PY 1 HD61202 Pin Name 
LineO -----FOT {1 {1jO]O]; 0 olol4 | DBO(LSB) 
Line 1 -----F}1{O/O}O]1/0] 0 0 }0}4 -—4 DB1 
Line2-----H1/0/0/O11/0; 1 0/0 }1 -—-74 DB2 
eee Te, 0 410} Fp DB3 
eee ofol1{1| DB4 
folots Kee 
Display {[-+—+—++++----- 0 DBS5 
RAMdate |LUJO1O1O1110; 0 lofoft- +++ DB6 
eee o}olo|o. DB7(MSB) 
pero 0{o}o]0| 
Ne ae eee nae 
eee 0 OE I rit 
i oe oe | 
i oe oe | 
j oe | 
i 
RAM Y Address 


ADC =0 (Connected to GND) 


Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 


The Z. address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At the high 
level of FRM, the contents of the display start line 
register is preset at the Z counter. 


Display Data Latch 


The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. Data is latched 
at the rise of the CL signal. The display on/off 
instruction controls the data in this latch and does 
not influence data in display data RAM. 


Liquid Crystal Display Driver Circuit 
The combination of latched display data and M 


signal causes one of the 4 liquid crystal driver 
levels, V1, V2, V3, and V4 to be output. 


Table 1 Power Supply Initial Conditions 


item Symbol Min 
Reset time trst 1.0 
Rise time ty — 


Reset 


The system can be initialized by setting RST 
terminal at low level when turning power on. 


1. Display off 
2. Set display start line register line 0. 


While RST is low level, no instruction except 
status read can be accepted. Therefore, execute other 
instructions after making sure that DB4 = 0 (clear 
RESET) and DB7 = 0 (Ready) by status read 
instruction. The conditions of power supply at 
initial power up are shown in table 1. 


Typ Max Unit 
~ — pS 
— 200 ns 





Do not fail to set the system again because RESET during operation may destroy the data in all the 


registers except on/off register and in RAM. 
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Display Control Instructions 


Outline 


Table 2 shows the instructions. Read/write (R/W) signal, data/instruction (D/]) signal, and data bus signals 
(DBO to DB7) are also called instructions because the internal operation depends on the signals from the 
MPU. | 

These explanations are detailed in the following pages. Generally, there are following three kinds of 
instructions: 


1. Instruction to set addresses in the internal RAM 
2. Instruction to transfer data from/to the internal RAM 
3. Other instructions 


In general use, the second type of instruction is used most frequently. Since Y address of the internal RAM 
is increased by 1 automatically after writing (reading) data, the program can be shortened. During the 
execution of an instruction, the system cannot accept instructions other than status read instruction. Send 
instructions from MPU after making sure that the busy flag is 0, which is proof that an instruction is not 
being excuted. 
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Table 2 Instructions 


| Code 
Instructions R/W D/I DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO Functions 
Display on/off 0 0 oO Oo 1 1 1 1 1 1/0 Controls display on/off. RAM data and internal 
| status are not affected. 1: on, 0: off. 
Display start line 0 0 1 1 Display start line (0-63) Specifies the RAM line displayed at the top of the 
screen. 
Set page (X address) 0 0 1 0 1 1 1 Page (0-7) Sets the page (X address) of RAM at the page (X 
| address) register. 
Set address 0 0 0 1 Y address (0-63) Sets the Y address in the Y address counter. 
Status read 1 0 Busy 0 ON/ Reset 0 0 0 0 Reads the status. 
= RESET 1: Reset 
0: Normal 
ON/OFF _ 1: Display off 
0: Display on 
Busy 1: Internal operation 
| 0: Ready 
Write display data 0 1 Write data Writes data DBO (LSB) Has access to the 
| to DB7 (MSB) on the address of the display 
| data bus into display RAM specified in 
. RAM. advance. After the 
Read display data 1 1  Readdata Reads data DBO (LSB) 0088s, ¥ aderess 's 
: to DB7 (MSB) from the = NCfeasee' Dy '- 
display RAM to the data 
bus. 





Note: 1. Busy time varies with the frequency (fco_K) of 61, and 2. 
(1AcLK s Tausy $ 3/cLk) 
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Detailed Explanation 
Display on/off 


Dil DB7 DBO 


+— high-order bit. low-order bit —> 





The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
with D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = 0 into | 
D=1. 


Display start line 





D/| DB7 DBO 


<+— high-order bit low-order bit —> 





Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed 

at the top of the screen. Figure 8 shows examples of display (1/64 duty cycle) when the start line = 0-3. 

When the display duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD 
screen, from the line specified by display start line instruction, is displayed. 
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Start line = 2 : Start line = 3 


Figure 8 Relation Between Start Line and Display 
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Set page (X address) 





D/| DB7 DBO 


<— high-order bit low-order bit —> 


X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 9. 


Set Y address 





D/l DB7 DBO 


<— high-order bit low-order bit —> 





Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 


Y address 





Figure 9 Address Configuration of Display Data RAM 
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Status Read 





RW OD/| DB7 DBO 


Code ON/ T 


+— high-order bit low-order bit —> 


Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 
Busy is 1, so you should make sure that Busy is 0 before writing the next instruction. 


ON/OFF: — Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1, the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 


RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except status read can be accepted. 
RESET = 0 shows that eee has finished and the system is in the usual operation 
condition. 


Write Display Data 





RW OD/l DB7 DBO 


+— high-order bit low-order bit —> 


Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 


Read Display Data 





RW OD/I_ ODB7 DBO 


<— high-order bit low-order bit —> 


Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 

One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61202 


Interface with HD61203 (1/64 duty cycle) 


COM! 











LCD Panel 
64 x 64 dots 


SEG1 
SEG64 


Yi ~ Nw Ye4 





Voc 
V1iL, VIR 

HD61202 VaL, V2R 
V3L, V3R 
V4L, V4R 
Vee1,V EE2 


Vec 
V1 
V2 
V3 
V4 
VEE 
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The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 
Figure 10 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 


1. Example of connection with HD6800 


Decoder 


HD6800 HD61202 





Figure 11 Example of Connection with HD6800 Series 


In this decoder, addresses of HD61202 in the address area of HD6800 are: 
Read/write of the display data $FFFF 
write of display instruction $FFFE 
Read out of status $FFFE 


Therefore, you can control HD61202 by reading/writing the data at these addresses. 
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2. 
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Example of connection with HD6801 


74LS154 


(IOS) (SC1) 
(RW) (SC2) 


P14 
HD6801 


E 


P30 

P31 

(Date bus) 
P37 


Set HD6801 to mode 5. P10 to P14 are used 
as the output port and P30 to P37 as the data 
bus. 

7T4LS154 4-to-16 decoder generates chip select 
signal to.make specified HD61202 active after 
decoding 4 bits of P10 to P13. 


HITACHI 


HD61202 
No. 1 





Therefore, after enabling the operation by P10 
to P13 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61202. In this 
case, IOS signal is output from SC1 and R/W 
signal from SC2. 

For details of HD6800 and HD6801, refer to 
their manuals. 





HD61202 


Example of Application 


HD61202 HD61202 HD61202 
No. 9 No. 10 No. 16 
Y1— Y64 Y1 —~— Y64 Y1 —~ Y32 


LCD Panel 
128 x 480 dots 


8 
= 
8 


Y1 — Y64 Y1 —~~— Y64 Y1 — Y32 
HD61202 HD61202 HD61202 
No. 1 No. 2 | No. 8 





Note: In this example, two HD61203s output the equivalent waveforms. So, stand-alone operation is 
possible. In this case, connect COM1 and COMES to X1, COM2 and COM66 to X2, ..., and COM64 
and COM128 to X64. However, for the large screen display, it is better to drive in 2 rows as in this 
example to guarantee the display quality. 
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HD61203 


(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 


Description 


The HD61203 is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 


and the impedance is low enough to drive a large — 


_ screen. 


As the HD61203 is produced by a CMOS process, 


it is fit for use in portable battery-driven equipment 


utilizing the liquid crystal display's low power 
consumption. The user can easily construct a dot 
matrix liquid crystal graphic display system by 
combining the HD61203 and the column (segment) 
driver HD61202. 
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Features 


Dot matrix liquid crystal graphic display 

common driver with low impedance 

Low impedance: 1.5 kQ max 

Internal liquid crystal display driver circuit: 64 

circuits 

Internal dynamic display timing generator 

circuit 

Display duty cycle 

When used with the column driver HD61202: 
1/48, 1/64, 1/96, 1/128 

When used with the column driver HD61200: 
Selectable out of 1/32 to 1/128 

Low power dissipation: During display: 5 mW 

Power supplies: Vcc: 5 V + 10% 

Power supply voltage for liquid crystal display 

drive: 8 V to 17 V 

CMOS process 


Ordering Information 


Type No. Package 

HD61203 100-pin plastic QFP(FP-100) 
HD61203TFIA  100-pin thin plastic QFP(TFP-60) 
HD61203D | 


Chip 
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Absolute Maximum Ratings 


item Symbol Limit Unit Note 
Power supply voltage (1) Voc —0.3 to +7.0 V 2 
Power supply voltage (2) Vee Voc -19.0 to Veg + 0.3 V 5 
Terminal voltage (1) Vr4 — 0.3 to Voc + 0.3 V 2,3 
Terminal voltage (2) Vr2 Veg - 0.3 to Vec + 0.3 V 4,5 
Operating temperature Topr —20 to +75 c 

Storage temperature Tstg —55 to +125 7 


Notes: 1. If LSis are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


2. BasedonGND «OV. 

3. Applies to input terminals (except VIL, V1R, V2L, V2R, V5L, VSR, V6L, and V6R) and I/O 
terminals at high impedance. 

4. Applies to ViL, ViR, V2L, V2R, VSL, V5R, V6L, and V6R. 

5. Apply the same value of voltages to V1L and ViR, V2L and V2R, V5L and V5R, V6L and V6R, 


Vee (23 pin) and Veg (58 pin) respectively. 
Maintain Voc 2 VIL = V1R 2 V6L = V6R 2 V5L = VSR 2 V2L = V2R 2 Veg 
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Pin Arrangement 


SRSNSS RISE Sole hlajalslobsieleloloh ojos fois 
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HD61203 
(FP-100) 





HITACHI 





HD61203 


X45 
X46 
X47 
X48 
X49 





HD61203TFIA 64] x56 
(TFP-100) 83] X57 





(Top View) 
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Electrical Characteristics 


DC Characteristics 
(Vcc = 5 V + 10%, GND = 0 V, Vcc - Ver = 8.0 to 17.0 V, Ta = -20 to +75°C) 


Test item 

Input high voltage 

_ Input low voltage 
Output high voltage 
Output low voltage 
Vi-Xj on resistance 


Input leakage current 
Input leakage current 
Operating frequency 
Operating frequency 
Oscillation frequency 


Dissipation current 


(1) 


Dissipation current 
(2) 


Dissipation current 


Notes: 1. 


Specifications 


Symbol Min 

Vin 0.7 x Voc 
Vir GND 

Vow Voc - 0.4 
Vo — 

Ron — 

lies -1.0 

lii2 —-2.0 

fopr1 50 

fopr2 0.5 

fosc 315 

Iea1 — 

lace — 

lee — 


and CL2 in the input state. 
2. Applies to output terminals, 01, 02, and FRM and I/O common terminals DL, M, DR, and CL2 in 


the output state. 


Typ 


450 


Max 
Voc 
0.3 x Voc 


0.4 
1.5 


1.0 
2.0 
600 
1500 


585 


1.0 


200 


100 


Unit 


V 
V 
V 
V 
kQ 


z/b 1S 


Zz 


kHz 


kHz 


pA 
pA 


Test Conditions Note 


lou =—0.4 mA 
lot =0.4mA 


Voc — Vee = 17 V 
Load current 
+150 pA 


Vin = Oto Voc 
Vin = Veg to Voc 
In master mode 


external clock 


operation 


In slave mode 
shift register 


Cf = 20 pF+5% 
Rf = 47 kQ.+ 2% 


In master mode 
1/128 duty cycle 
Cf = 20 pF 

Rf = 47 kQ 


in slave mode 
1/128 duty cycle 


In master mode 
1/128 duty cycle 


1 
1 
2 
2 


7,12 


8,9 


8, 10 


8, 11 


Applies to input terminals FS, DS1, DS2, CR, SHL, M/S, and FCS and I/O terminals DL, M, DR, 


3. Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1, and TH, V/O terminals 


DL, M, DR, and CL2 in the input state and NC terminals. 


4. Applies to V1iL, V1R, V2L, V2R, V5L, V5R, V6L, and V6R. Don't connect any lines to X1 to 


X64. 


5. External clock is as follows. 
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TH TL 
TH “ 
External clock 0.7Vec Duty Cycle = == TL * 100% 
ee Min Typ Max Unit 
Tir oa ee ee = ee 
uy 45 «50 55 
> 1°, 
trop "ep t - - 50 os 
External i? 
clock Open Open ticp ~ _ 50 ons 
CR R C 


6. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 
7. Connect oscillation resister (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is twice as much as the frequency (fa) at a1 or 32. 





8. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at V4 = Voc and Vy = GND. 

9. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, STB, and FCS is 
connected to Voc and each of CL1 and TH to GND. Oscillator is set as described in note 7. 

10. This value is specified for current flowing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS, and CR is connected to Voc, CL1, TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and 
DL of the HD61203 under the condition described in note 9. 

11. This value is specified for current flowing through Ver under the condition described in note 9. 
Don't connect any lines to terminal V. 

12. This figure shows a typical relation among oscillation frequency, Rf and Cf. Oscillation 
frequency may vary with the mounting conditions. 


fosc (KHz) 
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13. Resistance between terminal X and terminal V (one of ViL, V1R, V2L, V2R, VSL, VSR, V6L, 
and V6R) when load current flows through one of the terminals X1 to X64. This value is 
specified under the following conditions: 

Voc - Vee =17V 


Vit™ Yr» Vez Ven= Voo-1/7 (Voc- Vee) 
Vor = Vor» Vsu= Vsr= Veg +1/7 (Voc- Veg) 


RON 
Mt» VR —__-_-__» 
Ve. VR ~——_______ 
Terminal X 
VL. V6R ————_—____- , (X1 to X64) 


VoL» VeR 


The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VIL = V1R and V6L = V6R and negative voltage to V2L = V2R and VSL = V5R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage Vcc —Vgp. 


Vec 
aac V1 (yt = Vir) 





Range of Power Supply 


---~ V6 (VoL = Ver) Voltage for Liquid Crystal 
| Display Drive 





—~3.5 
= 
> 
<] 
2 
~-------=--- V5 (V5, = V5) 
en lease V2 (Vat = Var) 
EE | 8 17 
Veco ~ Vee (V) 
Correlation between Driver Correlation between Power 
Output Waveform and Power Supply Voltage Voc — Veg and AV 


Supply Voltages for Liquid 
Crystal Display Drive 
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Terminal Configuration 


Input Terminal 
Applicable Terminals : 
Vec CR, M/S, SHL, FCS, DS1, DS2, FS 
PMOS 
NMOS 
VO Terminal Applicable Terminals: DL, DR, CL2, M 


V, 
a (Input circuit) 








Data 
t 
t 
Output circuit 
| ees (A !  (tristate) 
Output Terminal 
Voc Applicable Terminals: 91, #2, FRM 
PMOS 
NMOS 
Output Terminal 


Applicable Terminals: 
ViL, VIR X1 to X64 


V6L, V6R 
V5L, V5R 


Va2L, V2R 
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AC Characteristics (Vcc = 5 V + 10%, GND = 0 V, Ta = -20 to +75°C) 


In the slave mode (M/S = GND) 


CL2 
(FCS = GND) 
(Shift clock) 


CL2 
(FCS = Voc) 
(Shift clock) 


DL (SHL = Voc) 
DR (SHL = GND) 
Input data 


DR (SHL = Voc) 
DL (SHL = GND) 
Output data 





item Symbol Min Typ Max Unit Note 


CL2 low level width (FCS=GND) tWLCL2L 450 - - ns 
CL2 high level width (FCS=GND) tWLCL2H 150 - - ns 
CL2 low level width (FCS=Voc) ‘twWHcLat 150 - - ns 
CL2 high level width (FCS=Vcc) tWHCL2H 450 - - ns 
Data setup time tos 100 - - ns 
Data hold time toH 100 - - ns 
Data delay time top - - 200 ns 1 
Output data hold time tpHw | 10 - - ns 
CL2 rise time tr - - 30 ns 
CL2 fall time tf - - 30 ns 





Notes: 1. The following load circuit is connected for specification: 


Output 
Terminal L 


30 pF (Includes jig capacitance) 
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2. Inthe master mode (M/S = Voc, FCS = Voc, Cf = 20 pF, Rf = 47 kQ) 

















CL2 0.7Vcc tWoLaL cia 

a 

tbH 
tps 
DL (SHL = Voc) f oMex 
DR (SHL = GND) 0.3Vcc 
| too =| ti(ité‘“‘éitO 
DR (SHL = Voc) 
DL (SHL = GND) 0.3Voec 
tpFRM tpFRM 
FRM 0.7Vcc 
0.3Vcc 
tom 
“ 0.7Vcc 
0.3Vcc 

te tr tWoiH 

o1 
tweit tpr2 
0.7Vcc 
0.5V 

@2 0.3Vc0" 


tt twoar tr 
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Data setup time 

Data hold time 

Data delay time 

FRM delay time 

M delay time 

C2 low level width 

Cy high level width 

@1 low level width 

@2 low level width 

21 high level width 

@2 high level width 
21-02 phase difference 
22-21 phase difference 
21, 22 rise time 

21, 22 fall time 
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Symbol 


tou 
top 
toFRM 
tom 
twetat 
tWoL2H 
twWoiL 
tWeaL 
tWe1H 
two2H 
to12 
to21 


RK iwi HITS 18 


700 
2100 
2100 
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Typ 


Unit 





Voc 
GND 
| VEE 


CLI 


DL 


IHOVLIH 


SHL 


STB 


£29 


| 






V2L_V6L 
VIL|VSL| yy 





Rt Cr 





X2 


64 output terminals 


V2R V6R 


~------=----------- x62 x63 x64. VIR) VSR 


iL Liquid crystal display | 
driver circuits 


Bidirectional shift 
= I} 


WS 


FS DS1DS2 


Timing generation circuit 


+ ———Tiogie/— 
“TTT... 


o1 


ovata FL 
L ere i 
RICR] {Cc 


o2 





oO 


R 


FCS 


FRM 


WeIsvIg YOod 


CO0cL9dH 
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Block Functions 


Oscillator 


The CR oscillator generates display timing signals and operating clocks for the HD61202. It is required 
when the HD61203 is used with the HD61202. An oscillation resister Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminals R and C. 


| R CR Cc iP “| 
Open ae Open 
Rf Cf 


clock 





Figure 1 Oscillator Connection with HD61202 


The oscillator is not required when the HD61203 is used with the HD61830. Then, connect terminal CR to 
the high level and don't connect any lines to terminals R and C (figure 2). 





Figure 2 Oscillator Connection with HD61830 


Timing Generator Circuit 


The timing generator circuit generates display timing and operating clock for the HD61202. This circuit is 
required when the HD61203 is used with the HD61202. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals Fs, DS1, and DS2 to high level and M/S to low level (slave 
mode). 


Bidirectional Shift Register 


A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to X1 and the highest order bit on the DR 
side corresponds to X64. 
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Liquid Crystal Display Driver Circuit 


The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels V1, V2, V5 and V6 to be transferred to the output terminals (table 1). 


Table 1 Output Levels 


Data from the 

Shift Register M Output Level 
1 1 V2 

0 1 V6 

1 0 V1 

0 0 V5 
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HD61203 Terminal Functions 


Terminal 


V5R, V6R 


Number of 1/0 Connected 


Terminals 
: 


1 
2 
8 


to 


Power 
supply 


Power 
supply 


Voc or GND 


Function 
Vec~GND: Power supply for internal logic. 
Voc~Vee: Power supply for driver circuit logic. 


Liquid crystal display driver level power supply. 


ViL (V1R), V2L (V2R): Selected level 
VSL (V5R), V6L (V6R): Non-selected level 


Voltages of the level power supplies connected to V1L and 
V1R should be the same. (This applies to the combination 
of V2L & V2R, V5L & VSR and V6L & V6R respectively) 


Selects master/slave. 

M/S = Vcc: Master mode 
When the HD61203 is used with the HD61202, timing 
generation circuit operates to supply display timing signals 


and operation clock to the HD61202. Each of /O common 
terminals DL, DR, CL2, and M is in the output state. 


M/S = GND: Slave mode 


The timing operation circuit stops operating. The HD61203 
is used in this mode when combined with the HD61830. 
Even if combined with the HD61202, this mode is used 
when display timing signals (M, data, CL2, etc.) are 
supplied by another HD61203 in the master mode. 


Terminals M and CL2 are in the input state. 
When SHL is Vcc, DL is in the input state and DR is in the 
output state. 


When SHL is GND, DL is in the output state and DR is in 
the input state. 





Oo 


Voc or GND 


Vec or GND 


Selects shift clock phase. 


FCS=Voc: Shift register operates at the rising edge 
of CL2. Select this condition when 
HD61203 is used with HD61202 or when 
MA of the HD61830 connects to CL2 in 
combination with the HD61830. 


FCS =GND: Shift register operates at the fall of CL2. 
Select this condition when CL1 of 
HD61830 connects to CL2 in combination 
with the HD61830. 


Selects frequency. 


When the frame frequency is 70 Hz, the oscillation 
frequency should be: 


fose = 430 kHz at Fi cS = Voc 
fosc = 215 kHz at FCS = GND 


This terminal is active only in the master mode. Connect it 
to Vcc in the slave mode. 
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HD61203 Terminal Functions (cont) 


Terminal Number of 1/O Connected 


Name Terminals to Function 

DS1,DS2 2 I Vcc orGND Selects display duty factor 
Display Duty Factor 1/48 1/464 1/96 1/128 
DS1 GND GND Voc Voc 
DS2 GND Voc GND Vcc 


These terminals are valid only in the master mode. 
Connect them to Vcc in the slave mode. 


STB 1 l Voc orGND input terminal for testing. 
a 1 Connect to STB Voc. 
Li 1 Connect TH and CL1 to GND. 
CR, R, C 3 Oscillator. 
in the master mode, use these terminals as shown below: 
Internal oscillation External clock 
Rt Cr External 





Open Clock Open 
R CR Cc R CR Cc 


In the slave mode, stop the oscillator as shown below: 


Open Vec Open 


R CR C 





91,02 2 O HD61202 Operating clock output terminals for the HD61202. 


Master mode: Connect these terminals to terminals o1 
and @2 of the HD61202 respectively. 


Slave mode: Don't connect any lines to these 


terminals. 
FRM 1 O HD61202 Frame signal. 
Master mode: Connect this terminal to terminal FRM of 
the HD61202. 
Slave mode: Don't connect any lines to this terminal. 
M 1 /O MBof Signal to convert LCD driver signal into AC. 
HD61830 Master mode: Output terminal. 
or Mof Connect this terminal to terminal M of the 
HD61202 HD61202. 


Slave mode: Input terminal. 
Connect this terminal to terminal MB of 
the HD61830. 
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HD61203 Terminal Functions (cont) 


Terminal Number of 1/O Connected 


Name Terminals to Function 
CL2 1 VO CL1orMAof Shift clock 
ste 830 or Master mode: Output terminal 


Connect this terminal to terminal CL of 
HD61202 the HD61202. 


Slave mode: Input terminal 
Connect this terminal to terminal CL1 or 
MA of the HD61830. 


DL, DR 2 1/0 OpenorFLM Data I/O terminals of bidirectional shift register. 
of HD61830 by corresponds to X1's side and DR to X64's side. 


Master mode: Output common scanning signal. Don't 
connect any lines to these terminals 
normally. 


Slave mode: Connect terminal FLM of the HD61830 to 
DL (when SHL = Voc) or DR (when SHL = 


GND) 
M/S Voc GND 
SHL Voc GND Voc GND 


DL Output Output Input Output 
DR Output Output Output Input 











NC 5 Open Not used. 
Don't connect any lines to this terminal. 
SHL 1 I VecorGND Selects shift direction of bidirectional shift register. 
SHL Shift Direction | Common Scanning Direction 
Vec DL-—DR X1 —> X64 
GND DL< DR X1 < X64 
X1—X64 64 O Liquid Liquid crystal display driver output. 
phot Output one of the four liquid crystal display driver levels 
V1, V2, V5, and V6 with the combination of the data from 


the shift register and M signal. 


M 1 | 0 | 
Data 1 0 1 0 


co v2 | ve | vi | vs 
evel 


When SHL is Vcc, X1 corresponds to COM1 and X64 
corresponds to COM64. 
When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. 
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629 


F LLLHHAHHHHH—— — _ 


H: V “." means “open” 
a } Fixed 
L: GND 
WS TH CL1FCSFS DS1DS2STBCRR C o1 $2 FRM M 


from MB 


LLLLHHHHAHH—-— — — — of 
HD61830 


from MB 


LLLH AHHAHHHH—— _ _— _ of 
HD61830 


— rom Me 


LLLHHHAHHAHAHH—— _ _ ) 
HD61830 


to FRM to M 


LL Rf Rf to $1 to $2 
of of of of 
Cf Cf HD61202 HD61202 HD61202 HD61202 


H LLHH or H 
LH 


LL. Rf Re to $1 to $2 
HtLLHH o& H 


LH Cf 


toFRM ‘toM 
of 


oO re) of 
HD61202 
cf HD61202 HD61202 HD61202 HD61203 


from M 
of 
HD61203 
No. 1 


Rf: Oscillation resister 


Cf: Oscillation capacitor 


Cl2 SHL 


from CL1 
of 
HD61830 


from MA 
of 
HD61830 


from MA 
of 
HD61830 


to CL 
of 
HD61202 


to CL of 

HD61202 
to CL2 of 
HD61203 


from CL2 
of 
HD61203 
No. 1 


H 


TT “fromDUDR 


DL DR X1—X64 
from FLM 
of — COM1—COM64 
HD61830 
from FLM 
— of COM64-COM1 
HD61830 
fromFLM toDL/DR 
of of HD61203 COM1—COM64 
HD61830 No. 2 
toDL/DR ss from FLM 
of HD61203 of COM64—COM1 
No. 2 HD61830 
from DL/DR 
of HD61203 — COM65—-COM128 
No. 1 
from DL/DR 
—_ of HD61203 COM128—COM65 
No. 1 
— — COM1—COM64 
= — COM64—COM1 
to DL/DR 
— of HD61203 COM1—COM64 
No. 2 
to DUDR 
of HD61203 _ COM64—COM1 
No. 2 
of HD61203 — COM1—COM64 
No. 1 
from DL/DR 
= of HD61203 COM64—COM1 


No. 1 








sy] WOHIeUUOT) COTISGH 


uonedyddy jo adwuexy7 
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Outline of HD61203 System Configuration 


1. Use with HD61830 | 
a. When display duty ratio of LCD is 1/64 


HD61830 
No. 4 COT top] = ommon signals 
COM64 si 
HD61830 
One HD61203 drives 
No. 1 common signals for 
upper and lower 





panels. 
HD61830 


Two HD61203s drive 
upper and lower 
panels separately 

to ensure the 

quality of display. 
No. 1 and No. 2 
operate in parallel. 





b. When display duty ratio of LCD is from 1/65 to 1/128 


HD61830 











Two HD61203s 
connected serially 
drive common signals. 


COM1 


COM128 mee 






Two HD61203s 
connected serially 
drive upper and 
lower panels in 
parallel. 


Two sets of 
HD61203s connected 
serially drive upper 
and lower panels in 
parallel to ensure 

the quality of 

display. 
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Refer to 
Connection list A. 


Refer to 
Connection list A. 


For both of No. 1 
and No. 2, refer to 
Connection list A. 


Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 


Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 


Refer to Connection 
list B for No. 1 

and 3. 

Refer to Connection 
list C for No. 2 

and 4. 





Zs 


Use with HD61202 (1/64 duty ratio) 





One HD61203 drives 
common signals and 
supplies timing 
signals to the 
HD61202s. 


One HD61203 drives 
upper and lower 
panels and supplies 
timing signals to 

the HD61202s. 


Two HD61203s drive 
upper and lower 
panels in parallel 

to ensure the 

quality of display. 
No. 1 supplies 
timing signals to 

No. 2 and the 
HD61202s. 
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Refer to 


Connection list D. 


Refer to 


Connection list D. 


Refer to 
Connection list E 
for No. 1. 


Refer to 
Connection list F 
for No. 2. 
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Connection Example 1 


Use with HD61202 (RAM type segment driver) 
a. 1/64 duty ratio (See Connection List D) 


LCD panel 
+5 V (Voc) 


ae 


3 
4 

u 
| 
a a 
” 
© 
Ba 
© 
© 
N 
ie] 
Q 
a 


R3 =15 Q 





Figure 1 Example 1 


Note: The values of R1 and R2 vary with the LCD panel used. 
When bias factor is 1/9, the values of R1 and R2 should satisfy 


Seen: eee 
4R1+R2™ 9 


For example, 
R1 = 3 kQ, R2 = 15kQ 
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Figure 2 Example 1 Waveform (RAM Type, 1/64 Duty Cycle) 
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Connection Example 2 


Use with HD61830 (Display controller) 
a. 1/64 duty ratio (See Connection List A) 


LCD panel 


HD61830 
DL(DR) 


Display Controller 
DR(DL) (Display ) 


HD61203 ( ) is at SHL = Low 


2 
E 
© 
x< 

ui 
ce 

2 
S 
® 
c 

8 
® 
® 

“” 


SHL 
DS1 
DS2 


Figure 3 Example 2 (1/64 Duty Ratio) 
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Figure 4 Example 2 Waveform (1/64 Duty Ratio) 
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b. 1/100 duty ratio (See Connection List B, C) 







Vcc 
Vcc me 
V1 eapenl 
ve = 
mt 
we 
Vs ea 


See Connection Example 1 
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Figure 5 Example 2 (1/100 Duty Ratio) 
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Figure 6 Example 2 Waveform (1/100 Duty Ratio) 
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(RAM- Provided 165-Channel LCD Driver 
for Liquid Crystal Dot Matrix Graphics) 


Description 


The HD66108T under control of an 8-bit MPU 
can drive a dot matrix graphic LCD (liquid-crystal 
display) employing bit-mapped display with support 
of an 8-bit MPU. 

Use of the HD66108T enables a simple LCD system 
to be configured with only a small number of chips, 
since it has all the functions required for driving the 
display. 

The HD66108T also enables highly-flexible display 
selection due to the bit-mapped method, in which one 
bit of data in a display RAM turns one dot of an LCD 
panel on or off. A single HD66108T can display a 
maximum of 100 x 65 dots by using its on-chip 165 
xX 65-bit RAM. Also, by using several HD66108T's, 
a display can be further expanded. 

The HD66108T employs the CMOS process and 
TAB package. Thus, if used together with an MPU, it 
can provide the means for a battery-driven pocket- 


size graphic display device utilizing the low current | 


consumption of LCDs. 


Features 


¢ Four types of LCD driving circuit configurations 
can be selected: 


No. of 
Column No. of Row 


Configuration Type Outputs Outputs 
Column outputs only 165 0 

Row outputs from the 100 65 (from left: 32, 
left and right sides from right: 33) 
Row outputs fromthe 100 65 

right side 1 

Row outputs fromthe 132 33 

right side‘2 


¢ Seven types of multiplexing duty ratios can be 
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66 
Notes: The maximum number of row outputs is 65. 

¢ Built-in bit-mapped display RAM: 10 kbits (165 x 
65 bits) 

¢ The word length of display data can be selected 
according to the character font: 8-bit or 6-bit 

e A standby operation is available 

¢ The display can be extended through a multi-chip 
operation 

¢ A built-in CR oscillator 

¢ An 80-system CPU interface: ® = 4 MHz 

¢ Power supply voltage for operation: 2.7 V to 6.0 V 

¢ LCD driving voltage: 6.0 V to 15.0 V 

¢ Low current consumption: 400 1A max (at f,,. = 
500 kHz, f,., is external clock frequency) 


Ordering Information 


Type No. 
HD66108T00 


Package 
208 pin TCP 


Note: The details of TCP pattern are shown in 
“The Information of TCP” 
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Pin Description 


No. No. 

Classification of Pins Symbol /O of Pins Function 
Power 8,9, 35,36 V,,1-V,,4 - 4 Connect these pins to V,,.. 
Supply 12~14 GNDi-GND3 - 3 Ground these pins. 

1,43 Veet, Vec2 - 2 These pins supply power to the LCD driving 
circuits and should usually be set to the V6 
level. 

2,7 V6L, VIL, - 12 Apply an LCD driving voltage V1 to V6 to 

37, 42 V1R, V6R, these pins. 

4,5 V4, V3, 

6, 39, 38 VMH1-VMH3, 

3, 40, 41 VML1—VML3 

CPU 23 cs | 1 Input a chip select signal via this pin. A CPU 
Interface can access the HD66108T's internal 


registers only while the CS signal is low. 
Input a write enable signal via this pin. 
Input a read enable signal via this pin. 
Input a register select signal via this pin. 


Data is transferred between the HD66108T 
and a CPU via these pins. 


LCD Driving 44~208 X0-X164 O 165 These pins output LCD driving signals. 

Output The XO—X31 and X100—X164 pins are 
column /row common pins and output row 
driving signals when so programmed. X32— 
X99 pins are column pins. 


LCD 21 FLM VO 1 This pin outputs a first line marker when the 
Interface HD66108T is a master chip and inputs the 
signal when the chip is a slave chip. 


20 CL1 VO 1 This pin outputs latch clock pulses of display 
data when the chip is a master chip and 
inputs clock CL1 pulses when the chip is a 
slave chip. 


22 M VO 1 This pin outputs or inputs an M signal, which 
converts LCD driving outputs to AC; it 
outputs the signal when the HD66108T is a 
master chip and inputs the signal when the 
chip is a slave chip. 


Control 10 OSC1 l 1 Input system clock pulses via this pin. 


Signals 11 OSC2 O 1 This pin outputs clock pulses generated by 
the internal CR oscillator. 


19 CO O 1 This pin outputs the same clock pulses as 
the system clock pulses, the OSC1 pin of a 
slave chip. 


Connect with the OSC1 pin of a slave chip. 
18 M/S I 1 This pin specifies master/slave. Set this pin 

low when the HD66108T is a master chip 

and set high when the chip is a slave chip; 


must not be changed after power-on. 


17 RESET | 1 Input a reset signal via this pin. Setting this 


pin low initializes the HD66108T. 
15, 16 TEST1, | 2 These pins input a test signal and should 
TEST2 usually be set low. 
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Internal Block Diagram 


VMH3 VML3 V6R 


VML1 VMH1 
Veo1 V6LV4 V3 V1 Vcc! x0 X31X32 X99X100 X164 Vec4 V1 VMH2 VHL2 Vecc2 


Row/column Column driver Row/column 
driver driver 
7 . Level shifter 
Data latch circuit 


— 


Row 
M counter 
165 x 65-bit display memory 
X 


Y address 
counter 
Memory 
3 Sey Pesce 
Vec2-Vee3 by 8- to 6-bit converter 
GND1-GND3 7 — Se 
| counter 2) | eee 

















X decoder 









Control 
C select 


register 
pESET + YL 
co Address 
register 
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TEST2 V/O controller - V/O buffer 
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Register List 
Reg. No. Reg. Register Reac Data Bit Assignment 
CSRS2 1 0 SymbolName Write 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |Busytime 
1 - = - -- Invalid -—- YYUYUY ZZ V7, 
| a ts me LK Vp, - ve VA 
0 0 - -— — AR Address _R PyeY, STBY nF ZI Register No. None 
: W 
ee 
0 1 0 0 O DRAM Display _R} D7 8 clocks max 
Memory W 
0 100 1 XAR X RV LN/ None 
address W v4 Lg Jp 1.5 clocks max 
VASA | 
0 101 0 YAR Y R|/Y YAD None 
address W vp | 1.5 clocks max 
0 1 0 1 #14 #FCR _~ Control R_| INC } WLS DUTY None 
7 W 
0 11 0 0MDR Mode _R Bg FFS None 
2 WwW di 
0 11 0 1 CSR Cselect_R V7, | CLN None 
| W | 
Y 


AN 
OOss 


Mn ZACCOOZAN 


Notes: 1. Shaded bits are invalid. Writing 1 or 0 to invalid bits does not affect LSI operation. Readin, 

these bits returns 0. 

2. DRAM is not actually a register but can be handled as one. 

3. Setting the WLS bit of control register to 1 invalidates D7 and D6 bits of the display memor 
register. 

4. DRAM must not be written to or read from unti atime period of t,,, has elapsed rewritin 
the DUTY bit of FCR or the FFS bit of MDR. t,,, can be obtained from the followin: 
equation; in general, a time period of 1ms or greater is sufficient if the frame frequency i: 
60-90 Hz. 


ee ee ow 
ou" Nief.,,,. (KHz) 


D2 (duty correction value 2) : 192 (duty = 1/32, 1/34, or 1/36) 
| 128 (duty = 1/48 or 1/50) 
96 (duty = 1/64 or 1/66) 
Ni (frequency-division ratio specified by the mode register's FFS bits) 
> 2,1, 1/2, 1/3, 1/4, 1/6, or 1/8 
Refer to "6. Clock and Frame Frequency." ‘ 
Input clock frequency (KHz) 


(ms) --- Equation 1 


CLK ° 
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System Description 


The HD66108T can assign a maximum of 65 out 
of 165 channels to row outputs for LCD driving 
. It also incorporates a timing generator and display 
memory, which are necessary to drive an LCD. 


If connected to an MPU and supplied with LCD 
driving voltage, one HD66108T chip can be used 
to configure an LCD system with a 100 x 65 dot 
panel (figure 1). In this case, clock pulses should 
be supplied by the internal CR oscillator or the 
MPU. — | 


Control bus 


-—— 


7 Data bus 


Figure 1 Basic System Configuration (1) 


Using LCD expansion signals CL1, FLM, and M 
enables the display size to be expanded. In this case, 
LCD expansion signal pins output corresponding 
signals when pin M/S is set low for master mode 
and conversely input corresponding signals when 
pin M/S is set high for slave mode; LCD expansion 
signal pins of both master chip and slave chips must 


_ be mutually connected. Figure 2 shows a basic 


system configuration using two HD66108T chips. 


100 x 65-dot LCD 


100-column output 


HD66108T 


_ LCD driving 


power supply 
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265 x 65-dot LCD 


'165-column 100-column 
output output 


HD66108T HD66108T 


(Master chip) “| (Slave chip) 
LCD expansion signals 






Control bus 












Data bus 





LCD driving 
power supply 


Figure 2 Basic System Configuration (2) 
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Functional Description 


1. Display Size Programming 


A variety of display sizes can be programmed by 
changing the system configuration and internal 
register settings. 


(1) System Configuration Using 1 HD66108T 
Chip 

When the 65-row-output mode is selected by internal 
register settings, a maximum of 100 dots in the X 
direction can be displayed (figure 3 (a)). Display 
size in the Y direction can be selected from 32 , 
34, 36, 48, 50, 64 , and 65 dots according to display 
duty setting. Note that Y direction settings does not 
affect those in the X direction (100 dots). 


When the 33-row-output mode is selected by internal 
register settings, a maximum of 132 dots in the X 


direction can be displayed (figure 3 (b)). 


Table 1 shows the relationship between display 


sizes and the control register’s (FCR) ROS and 
DUTY bits. ROS and DUTY bit settings determine 
the function of X pins. For more details, refer to 
“ 4.1 Row Output Pin Selection.” 


(2) System Configuration Using 1 HD66108T 

Chip and 1 HD61203 Chip as Row Driver 
A maximum of 64 dots in the Y direction and 165 
dots in the X direction can be displayed. 48 or 64 
dots in the Y direction can be selected by poe 
pin settings (figure 3 (c)). 


(3) System Configuration Using 2 or more 
HD66108T Chips 
X direction size can be expanded by 165 dots per 


chip. Figure 3 (d) shows a 265 x 65-dot display. 


Y direction size can be expanded up to 130 dots 
with 2 chips; a 100 x 130-dot display provided by 
2 chips is shown in figure 3 (e). 


Table 1 Relationship between Display Size and Register Settings (No. of Dots) 


ROS Bit Setting Duty Bit Setting (Multiplexing Duty Ratio) 

(X0-X164 Pin Function) 1 

165-column-output Specified by a row driver 

65-row-output from the X:100 X:100 X:100 X:100 X:100 X:100 X:100 
right side Y: 32 Y: 34 Y: 36 Y: 48 Y: 50 Y: 64 Y: 65 
65-row-output from the X: 100 %:100 X:100 X:100 #X:100 X: 100 X: 100 
left and right sides Y: 32 Y: 34 Y: 36 48 Y: 50 Y: 64 Y: 65 
33-row-output from the X:132 %X:132 %:132 %:132 %X:132 %: 1382 X: 132 
right side Y: 32 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33 
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kK——— X: 100 dots —— | oe, 132 dots ————— 


rr re |: 
Y: 33 
Y: 65 ab sa 


dots (b) Configuration Using 1 HD66108T Chip (2) 


(33-Row Output from the Right Side) 





at 


(a) Configuration Using 1 HD66108T Chip (1) 
(65-Row Output from the Right Side) 


k—————_ x: 165 dots ———_] 


Y: 64 
| dots 


(c) Configuration Using 1 HD66108T Chip and 1 HD61203 as Row Driver 
(165-Column Output) 


k—_—_____—____———X: 265 dots ——_-—_______} 


Area displayed by Area displayed by 


chip 1 chip 2 





(d) Configuration Using 2 HD66108T Chips (1) 
k——— X: 100 dots ———j 
Area displayed by 


Y: 130 
dots 


Area displayed 
by chip 2 





(e) Configuration Using 2 HD66108T Chips (2) 


Figure 3 Relationship between System Configurations and Display Sizes 
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2. Display Memory Construction and Word 
Length Setting 


The HD66108T has a bit-mapped display memory 
of 165 x 65 bits. As shown in figure 4, data from 
the MPU is stored in the display memory, with the 
MSB (most significant bit) on the left and the LSB 
(least significant bit) on the right. 


The sections on the LCD panel corresponding to 
the display memory bits in which 1’s are written 
will be displayed as on (black). | 


Display area size of the internal RAM is determined 


by control register (FCR) settings (refer to table 1). 


The start address in the Y direction for the display 
area is always YO, independent of the register setting. 
In contrast, the start address in the X direction is 
XO in the modes for 165-column-output, 65 -row- 
output from the right side, and 33-row-output from 


HITACHI 


the right side, and is X32 in the 65-row-output mode 
from the left and right sides. 


Each display areacontains the number of dots shown 
in table 1, beginning from each start address. 


For more detail, refer to “ 4.2 Row Output Data 
Setting, “ figures 15 to 19. 


In the display memory, one X address is assigned 
to each word of 8 or 6 bits long in X direction. 
(Either 8 or 6 bits can be selected as word length 
of display data.) Similarly, one Y address is assigned 
to each row in Y direction. 


Accordingly, X address 20 in the case of 8-bit word 
and X address 27 in the case of 6-bit word have 
5 and 3 bits of display data, respectively. 
Nevertheless, data is also stored here with the MSB 
on the left (figure 5). 
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Display on 


165 x 65 — dot LCD 


165 x 65 — bit 
display memory 


Y direction 


Figure 4 Relationship between Memory Construction and Display 


: 3 X address 
($00) ($01) ($02) ($12) ($13) ($14) 
1 #2 | 18 19 20 


1($01) 


62($3E) 
63($3F) 


Y address (a) Address Assignment When 1 Word is 8 Bits Long 


X address 


($00) ($01) ($02) ($03) oA 8) ($19) pels 
Of 2 3 2 25 26 


62($3E) 
63($3F) 
Y address (b) Address Assignment When 1 Word is 6 Bits Long 


Figure 5 Display Memory Addresses 
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3. Display Data Write 


3.1 Display Memory and Data Register Accesses 
(1) Access 
Figure 6 shows the relationship between the 


address register (AR) and internal registers | 


and display memory in the HD66108T. Display 
memory shall be referred to as a data register 
since it can be handled as other registers. 


To access a data register, the register address 

assigned to the desired register must be written 
into the address register’s Register No.bits. 
The MPU will access only that register until 
the register address is updated. 


(2) Busy Check 

A busy time period appears after display 
memory read/write or X or Y address register 
write, since post-access processing is 
performed synchronously with internal clock 
pulses. Updating data in registers other than 
the address register is disabled during this 
time. Subsequent data must be input after 
confirming ready mode by reading the address 
register. The busy time period is a maximum 
of 8 clock pulses after display memory read/ 
write and a maximum of 1.5 clock pulses after 
X or Y address register write (figure 7). 


(3) Dummy Read 
When reading out display data, the data which 
is read out immediately after setting the X and 
Y addresses is invalid. Valid data can be read 
out after one dummy read, which is performed 
after setting the X and Y addresses desired 
(figure 8). 
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(4) Limitations on Access 

As shown in figure 9, the display memory must not 
be rewritten until a time period of t,,, or longer 
has elapsed after rewriting the control register’s 
DUTY bits or the mode register’s FFS bits. However, 
display memory and registers other than the control 
register and mode register can be accessed even 
during this time period. t,, , can be obtained from 
the following equation. If using an LSI with a frame 
frequency of 60 Hz or greater, a time period of 1! 


-ms should be sufficient. 


D2 : 
t., =——_— ms) ... uation 1 
“ Nifa, (kHz) a ae, 


D2 ( duty correction value 2 ) : 
192 ( duty = 1/32, 1/34, or 1/36) 
128 ( duty = 1/48 or 1/50 ) 
96 ( duty = 1/64 or 1/66 ) 


Ni ( frequency-division ratio specified by the mode 
register’s FFS bits ) 
: 2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 


f : Input clock frequency (kHz) 


CLK 
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Registers accessible with pin RS = 0 


Address register 


7 6 5 4 3 2 1 0 
CTT TT Tie 


Registers accessible with pin RS = 1 


Data registers 


eat No. 
Seer x ieee 7 anes sa coe C =a 
memory register register register register register 


Figure 6 Relationship between Address Register and Register No. 
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HD66108T } 
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j 
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OSC 


BUSY FLAG 
Ready : Busy 8 clock pluses max — : Ready 


Operates internally 


Figure 7 Relationship between Clock Pulses and Busy Time ( Updating Display Data ) 
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Rewriting DUTY or FFS bits 


Accessing other registers 


toi or longer 


Rewriting display memory | 





Figure 9 Rewriting Display Memory after Rewriting Registers 


3.2 Xand Y Address Counter Auto-Incrementing 
Function 

As described in “2. Display Memory Construction 
and Word Length Setting, “ the HD66108T display 
memory has X and Y addresses. Internal X address 
counter and Y address counter both employ an auto- 
incrementing function. After display data is read or 
written, the X or Y address is incremented according 
to the address increment direction selected by internal 
register. 


Although X addresses up to 20 are valid when 8 bits 
make up one word ( up to 27 when 6 bits make up one 
word ), the X address counter can count up to 31 since 
itis a 5-bit free counter. Similarly, although Y addresses 
up to 64 are valid, the Y address counter can count up 
to 127. Consequently, X or Y address must be re-set 
at an appropriate point as shown in figure 10. 
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X address counted 0 Set address 

v 
1 Write display data 
] 
2 Valid addresses 
! 
i 
1 
t 
’ 

20 Re-set X address | 
Y 

21 Dummy read/write 
! : 
Invalid addresses 
! 
' 
v 

31 

(1) Example of X Address Counter Increment 

(Word Length: 8 bits) 
Y address counted Set address 


v 
1 Write display data 
v 
2 Valid display area 
1 
' 
t 
Y | 
31 Re-set Y address 


v 
2 


Dummy read/write 


Invalid display area 


NO --- -------- +--+ 


(2) Example of Y Address Counter Increment 
(Multiplexing duty ratio: 1/32) 


Figure 10 X/Y Address Counter Increment 
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4. Selection for LCD Driving Circuit Configuration 


4.1 Row Output Pin Selection 


The HD 66108T can assign a maximum of 65 pins for 


row outputs among the 165 pins named X0-X164. 
The X0-X164 pins can be classified into four blocks 
labeled A, B, C, and D (figure 11 (a)). Blocks A, C, 
and D consist of row/column common pins and block 
B consists of column pins only. The output function 
of the LCD driving pins and the combination of 
blocks can be selected by internal registers. 


Figure 11 shows an example of 165-column-output 
mode. This configuration is useful when using more 
than 1 HD66108T chip or using the HD66108T as a 
slave chip of the HD61203. 


Figure 12 shows an example of 65-row-output mode 
from the right side. Blocks A and B are used for 
column output and blocks C and D (X100-X164 pins) 
for row output. This configuration offers an easy way 


of connecting row output lines in the case of using one 
or more HD66108T chips. 


Figure 13 shows an example of 65-row-output mode 
from the left and right sides. 32 pins of XO-X31 and 
33 pins of X132-X164 are used for row output here. 
This configuration offers an easy way of connecting 
row output lines in the case of using only one 
HD66108T chip. 


Figure 14 shows an example of 33-row-output mode 
from the right side. Block D, i.e., X132-X164 pins, is 
used for row outputs. This configuration provides a 
means for assigning many pins to column outputs’ 
when 1/32 or 1/34 multiplexing duty ratio is desired. 


In all modes, it is row data and multiplexing duty ratio 
that determine which pins are actually used among the 
pins assigned to row output. Y values shown in table 
1 indicate the numbers of pins that are actually used. 
Pins not used must be left disconnected. 
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Block B Block C 


(a) LCD Driving Circuit Configuration 





165-column output 


HD66108T 





(b) System Configuration 





Figure 11 165-Column-Output Mode 
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Column driver Column driver Row driver Row driver 


Block A Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


100-column output | 


HD66108T 





(b) System Configuration 


Figure 12 65-Row-Output Mode from the Right Side 
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Row driver Column driver Column driver Row driver 


Block B Block C 


(a) LCD Driving Circuit Configuration 


: LCD 
output 
100-column output 


HD66108T 





(b) System Configuration 


Figure 13 65-Row-Output Mode from the Left and Right Sides 
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Column driver Column driver Column driver Row driver 


Block A Block B Block C Block D 


(a) LCD Driving Circuit Configuration 


132-column output 


HD66108T 


(b) System Configuration 





Figure 14 33-Row-Output-Mode from the Right Side 
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4.2 Row Output Data Setting 

If certain LCD driving output pins are assigned to row 
output, data must be written to display memory for 
row output. The specific area to which this data must 
be written depends on the row-output mode and the 
procedure of writing row data to the display memory 
(0 or 1 to which bits?) depends on which X pin drives 
_ which line of the LCD. Row data area is determined 
by the control register’s (FCR) ROS and DUTY bits 
and is identical to the protected area, which will be 
described below. (165-column-output mode has no 
protected area, thus requiring no row data to be 
written (figure 15).) 


Procedure of writing row data to the display memory 
is aS follows. First, 1 must be written to the bit at the 
intersection between line Yj and line (column) Xi 
(column). Line Yj is filled with data to be displayed 
on the first line of the LCD and line Xi is connected to 
pin Xn, which drives the first line of the LCD. 
Following this, Os must be written to the remaining 
bits on line Yj in the row data area. This rule applies 
to subsequent lines on the LCD. 


Table 2 shows the relationship between FCR settings 


HD66108 


and protected areas. 


Figure 16 shows the relationship between row data 
and display. Here the mode is 65-row output from the 
right side. Display data on YO is displayed on the first 
line of the LCD and data on Y64 is displayed on the 
65th line of the LCD. If X164 is connected to the first 
line of the LCD and X100 is connected to the 65th line 
of the LCD, 1s must be written to the bits on the 
diagonal line between coordinates (X164, YO) and 
(X100, Y64) and Os to the remaining bits. Row data 
protect function must be turned off before writing row 
data and be turned on after writing row data. Turning 
on the row data protect function disables read/write of 
display memory area corresponding to the row output 
pins, i.e., prevents row data from being destroyed. In 
figure 16, display memory area corresponding to pins 
X100 to X164 is protected. 


Figures 17 to 19 show examples of row data settings. 
Some multiplexing duty ratios result in invalid display 
areas. Although an invalid display area can be read 
from or written to, it will not be displayed. 


Table 2 Relationship between FCR Settings and Protected Areas — 


Control Register (FCR) 


ROS LCD Driving Signal Output Pins Connected to 
PON 4 3 Mode Protected Area of Display Memory Figures 
1 0 0 165-column No area protected 15 
1 0 1  65-row (R) X100-X164 16, 19 
1 1 0 65-row(L/R)  X0-X31 and X132-X164 17 
1 1 1  33-row (R) X132-X164 18 
65-row (R)  : 65-row-output mode from the right side 


65-row (L/R) : 65-row-output mode from the left and right sides 


33-row (R) 


: 33-row-output mode from the right side 
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Control register ROS bit = 00 
DUTY bit = 101 
LCD driving voltages: 
| VMH1 = V3, VML1 = V4, 
VMH2 = V3, VML2 = V4, 
VMH3 = V3, VML3 = V4 






165-column 
driver 








x0 | _.. 31X32__ .. %99 X100 131 X132 _X164 

! Block A (32 bits) ! Block B (68 bits) | Block C (32 bits) | Block D (33 bits) | 

4 address | 4 bits + 3 bytes + 4bits +3 bytes + 
4 bytes 8 bytes + 4 bits 1 4bits | 5bits } 


8bits/t word |_o | 1} 2f 3) 4) ft] 12 [13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 
; Swords+2bits | 4bits+10words+4bits | 2bits+5words {| 5words+3bits | 


6bits/1 word | oj if 2f3]4] ste 15] 16] 17] 18 J 19 | 20] 21] 22 | 23 | 24] 25] 26 | 27 | 





Valid 
Display data display area 


Invalid display data invalid 
display area 





Figure 15 Relationship between Row Data and Display 
(165-Column Output, 1/64 Multiplexing Duty Ratio) 
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Control register ROS bit = 01 
DUTY bit = 110 
LCD driving voltages: 
VMHi1 = V3, VML1 = V4, 
VMh2 = V2, VML2 = V5, 
VMH3 = V2, VML3 = V5 


100-column 


ave 
(ae i driver 


--X31X32.. --X99 X100.. -- X131 X132 --X164 


Column driver Column driver Row driver 













| Block A(32 bits) | Block B (68 bits) | Block C (32bits) {| Block D(33bits) | 
i r+—— Row data protected blocks ——; 
OTe? vee +3 bytes +. | 2 bs +3bytes+ | 
4 bytes \ 8 bytes + 4 bits ; t 
Sbits/1 word |_0_ | 1 | 213 | 4] Ss eo ee 
| Swords+2bits | 4bits+10words+4bits {|  2bits+Swords {| Swords+3bits | 
6bits/i word Lo l1 le [sJ4a[sle)] [15] 16117118 1191 201 211 221 23] 24] 25] 26] 271 








Accessible area Area protected with PON = 1 


Figure 16 Relationship between Row Data and Display 
(65-Row Output from the Right Side, 1/66 Multiplexing Duty Ratio) 
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Control register ROS bit = 10 
DUTY bit = 110 
LCD driving voltages: 
VMH1 = V2, VMLi = V5, 
VMR2 = V3, VML2 = V4, 
VMH3 = V2, VML3 = V5 





xo __X81X82,00 X99 X100 _X131 X132_  x164 


BL rowarver Mf Column aver | Columndver JL Row civer 
t 


t Block A (32 bits) | Block B (68 bits) i BlockC (32bits) : Block D(33bits) | 
(eine ce te el 





X address ; Rowdata 1 ' r=— Row data —, 
1 protected blocks! ! yi +3bytes+ ! protected blocks ! 
: 4 bytes ' 8 bytes + 4 bits : ! 4 bits + 3 bytes + 5 bits ! 
S8bits/i word |_9 [| 1 | 2 | 3 [ 4] see ee 
| '  Swords+2bits !  4bits+10words+4bits ! 2bits+S5words |} Swords+3bits ! 
6 bits/1 word [o_[1 [2 [3 [4 [5 Te | ______.__ 115] 16 [17 J18 [19 [20 [21 [22 [23 J2a [25 [26 [27 | 





Area protected Accessible area Area protected 
with PON = 1 with PON = 1 


Figure 17 Relationship between Row Data and Display 
(65-Row Output from the Left and Right Sides, 1/66 Multiplexing Duty Ratio) 
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LOD * 


132-column 
driver 








Control register ROS bit = 11 
DUTY bit = 001 








LCD driving voltages: 
VMH2=V3, VML2 = V4" y za 
2= V3, = V4, -row 
X31 X32... X99 X100... X131_ X132... X164 
| Block A (32 bits) | Block B (68 bits) | Block C (32 sin Block D (33 bits) | 
X address | | — Row data 
4bits+3bytes+ 1 protected block | 
te ie i dial ! 4 bits 4 ms 3 bytes + 5bits 


8 bits/1 word o | 1] 20 3f 47 p11 [12 {13 | 14 [ 15 | 16 | 17 | 18 | 19 | 20. | 





XO X21 X4 | X128 | X130 | X132 | X134 X162 1X164 
X127] X129| X131| X133 X163 


Valid 
display area 





. ON ae ee 
Accessible area Area protected with 


Figure 18 Relationship between Row Data and Display 
- (33-Row Output from the Right Side, 1/34 Multiplexing Duty Ratio) 
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LD 


Control register ROS bit = 01 
DUTY bit = 011 
LCD driving voltages: 
VMH 1 =V3, VML1 = V4, 
VMH 2=V2, VML2=V5, 
VMH 3=V2, VML3=V5 


48-row 
driver used 





+X 164 





X0... X31 X32... 
Column driver Column driver 
Block A (32 bits): Block B (68 bits) | Block C (32 bits) | Block D (33 bits) : 
X add | : («+—— Row data prdtected blocks ——» 
eee 4 bytes 8 bytes + 4 bits | 4bits + 3 bytes + | 4 bits + 3 bytes + | 
' | 4bits 15 bits ' 


8bits/1 word Lot stey sfa to Tay fa Tis] ef 77 187 19] 20 | 


; Swords +2 bits | 4 bits + 10 words + 4bits} 2bits+5 words} 5 words + 3 bits} 





6bits/1 word LoLil2 [3] 4] sle] 15] 16] 17] 18] 19 [20] 21] 22] 23] 24 [ 25 | 26] 27) 





X162 1X164 





hei7 X119 


Yo 
Y1 
Y2 
Valid 

display area 


¥45 | 0| 0] 1/0 | 
Y46 
-Y47 


Y48 


Y49 
Invalid 
display area 


Y63 
Y64 


Accessible area Area protected with PON = 1 


Note: Pins X100-X116 are left disconnected here. 


Figure 19 Relationship between Row Data and Display | 
(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio) 
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4.3 LCD Driving Voltage Setting 

There are 6 levels of LCD driving voltages ranging 
from V1 to V6; V1 is the highest and V6 is the lowest. 
As shown in figure 20, column output waveform is 
made up of a combination of V1, V3, V4, and V6 
while row output waveform is made up of V1, V2, VS, 
and V6. This means that V1 and V6 are common to 
both waveforms while mid-voltages are different. 


To accommodate this situation, each block of the 
HD66108T is provided with power supply pins for 


HD66108 


mid-voltages as shown in figure 21. Each pair of VIR 
and V1L and V6R and V6L are internally connected 
and must be applied the same level of voltage. Block 
B is fixed for column output and must be applied V3 
and V4 as mid-voltages. The other blocks must be 
applied different levels of voltages according to the 
function of their LCD driving output pins; if the LCD 
driving output pins are set for row output, VMHn and 
VMLn must be applied V2 and V5, respectively, 
while they must be applied V3 and V4, respectively, 


if the pins are set for column output (n = 1 to 3). 


Table 3 Relationship between FCR settings and LCD Driving Voltages 


Control Register (FCR) | LCD Driving Voltage Pins 
ROS4 ROS3 Mode VIR/VIL V3 V4 

0 0 165-column V1 V3 V4 V3 

0 1 65-row (R) V1 V3 V4 V3 

1 0 65-row (UR) Vi V3 V4 V2 

1 1 33-row (R) V1 V3 V4 V3 
65-row (R) =: 65-row-output mode from the right side 


VMH1 VML1 VMH2 


VML2 VMH3 VML3 V6R/V6L 


V4 V3 V4 V3 V4 V6 
V4 V2 V5 V2 V5 V6 
V5 V3 V4 V2 V5 V6 


V4 V3 V4 V2 V5 V6 


65-row (L/R) : 65-row-output mode from the left and right sides 


33-row (R) 
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: 33-row-output mode from the right side 
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COM1 


COM2 


SEG1 


SEG2 





eet ei ee ee VLCD 
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Figure 20 LCD Driving Voltage Waveforms 
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LCD driving output pins 


X100 X131  X132----- X164 


® © OO 2 
MH3 VML3 V6R VIR 


Oo @ ® @ C 
1L V6L MH1 VML1 V3 V4 


OO) OD 
VMH2 VML2 


LCD driving power supply pins 





Figure 21 Relationship between Blocks and LCD Driving Voltages 


5. Multiplexing Duty Ratio and LCD Driving 
Waveform Settings 

A multiplexing duty ratio and LCD driving waveform 

can be selected via internal registers. | 


A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48, 1/ 
50, 1/64, or 1/66 can be selected according to the LCD 
panel used. However, since there are only 65 row- 
output pins, only 65 lines will be displayed even if 1/ 
66 multiplexing duty ratio is selected. 


There are three types of LCD driving waveforms, as 
shown in figure 22: A-type waveform, B-type 
waveform, and C-type waveform. 


The A-type waveform is called per-half-line inversion. 
Here, the waveforms of M signal and CL1 signal are 
the same and alternate every LCD line. 


The B-type waveform is called per-frame inversion; 


_ in this case, the M signal inverts its polarity every 


frame so as to alternate every two LCD frames. This 
is the most common type. 


The C-type waveform is called per-n-line inversion 
and inverts its polarity every n lines (n can be set as 
needed within | to 31 via the internal registers). The 
C-type waveform combines the advantages of the A- 
and B-types of waveforms. However, some lines will 
not be alternated depending on the multiplexing duty 
ratio and n. To avoid this, another C-type waveform 
is available which is generated from the EOR of the C- 
type waveform M signal mentioned above and the B- 


type waveform M signal. Since the relationship 


between n and display quality usually depends on the 
LCD panel, n must be determined by observing actual 
display results. 


The B-type waveform should be used if the LCD 
panel specifies no particular type of waveform. 
However, in some cases, the C-type waveform may 
create a better display. | 
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Figure 22 LCD Driving Waveforms 
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6. Clock and Frame Frequency 


An input clock with a 200-kHz to 4-MHz frequency | 


can be used for the HD66108T. Note that raising clock 
frequency increases current consumption although it 
reduces busy time and enables high-speed operations. 
An optimum system clock frequency should thus be 
selected within 200 kHz to 4 MHz. 


The clock frequency driving the LCD panel (= frame - 


frequency) is usually 70 Hz to 90 Hz. Accordingly, 
the HD66108T is so designed that the frequency- 
division ratio of the input clock can be selected. The 
HD66108T generates around 80-Hz LCD frame 
frequency if the frequency-division ratio is 1. The 
frequency-division ratio can be obtained from the 
following equation. 


Ni= fF x 500 x py 
fox 0 


: Frequency-division ratio 

f, : Frame frequency required for the LCD 
panel (Hz) 

f. : Input clock frequency (kHz) 

: Duty correction value 1 

D1 = 1 when multiplexing duty ratio is 1/32, 

1/48 or 1/64 

D1 = 32/34 when multiplexing duty ratio is 

1/34 

D1 = 32/36 when multiplexing duty ratio is 

1/36 

D1 = 48/50 when multiplexing duty ratio is 

1/50 | 

D1 = 64/66 when multiplexing duty ratio is 

1/66 


The frequency-division ratio nearest the value obtained 
from the above equation must be selected; selectable 
frequency-division ratios by internal registers are 2, 
1, 1/2, 1/3, 1/4, 1/6, and 1/8. 


Table 4 Standby Status of Pins 


HD66108 


7. Display Off function 


The HD66108T has a display off function which turns 
off display by rewriting the contents of the internal 
register. This prevents random display at power-on 
until display memory is initialized. 


8. Standby Function 


The HD66108T has a standby function provinding 
low-power dissipation. Writing a 1 to bit 6 of the 
address register starts up the standby function. 


The LCD driving voltages, ranking from V1 to V6, 
must be set to V_,.to prevent DC voltage from beging 
applied to an LCD panel during standby state. 


The HD66108T operates as follows in standby mode. 


(1) Stops oscillation and external clock input 
(2) Resets all registers to 0’s except the STBY bit 


Here, note that the display memory will not preserve 
data if the standby function is turned on; the display 
memory as well as registers must be set again after the 
standby function is terminated. 


Table 4 shows the standby status of pins and table 5 
shows the status of registers after standby function 
termination. 


Writing a 0 to bit 6 of the address register terminates 
the standby function. Writing values into the DISP 
and Register No. bits at this time is ignored; these bits 
need to be set after the standby function has been 
completely terminated. 


Figure 23 shows the flow for start-up and termination 
of the standby function and related operations. 


Pin Status 

OSC2 High 

CO Low 

CL1 Low (master chip) or high-impedance (slave chip) 
-FLM Low (master chip) or high-impedance (slave chip) 

M Low (master chip) or high-impedance (slave chip) 

Xn (column output pins) V4 

V5 


Xn’ (row output pins) 
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Table 5 Register Status after Standby Function Termination 


Register Name Status after Standby Function Termination 
Address register Reset to 0’s except for the STBY bit 

X address register Reset to 0’s 

Y address register Reset to 0's 

Control register Reset to 0’s 

Mode register Reset to 0’s 

C select register Reset to 0’s 

Display memory Data not preserved 


Set the LCD driving voltages to V,,, level 


| v 
(turn on the standby function) | 
sommes ema es ‘ 
4 


Termination Set the STBY bit to 0 
(turn off the standby function) | 
Supply the LCD driving voltages 


Set registers again 
Wait for a time period of t,, , or longer 
Set the display memory again 


Set the DISP bit to 1 (turn on LCD) 


Notes: 1. Not necessary in the case of using internal oscillation 
2. Refer to equation 1 (section 3.1). 





Figure 23 Start-Up and Termination of Standby Function and Related Operations 
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9, Multi-Chip Operation 


Using multiple HD66108T chips (= multi-chip 
operation) provides the means for extending the 
number of disply dots. Note the following items when 
using the multi-chip operation. 


(1) 


(2) 


(3) 


(4) 


The master chip and the slave chips must be 
determined; the M/S pin of the master chip must 


be set low and the M/S pin of the slave chips 


must be set high. 
All the HD66108T chips will be slave chips if 


HD61203 or its equivalent is used as a row — 


driver. 

The master chip supplies the FLM, CL1, and M 
signals to the slave chips via the corresponding 
pins, which synchronizes the slave chips with 
the master chip. 

Since a master chip outputs synchronization 
signals, all data registers must be set. 


HD66108T 
Slave mode 


(5) 


(6) 
(7) 


HD66108 


The following bits for slave chips must always 
be set: 

INC, WLS, PON, and ROS (control register) 
FFS (mode register) | 

It is not necessary to set the control register’s 
DUTY bits, the mode register’s DWS bits, or 
the C select register. For other registers’ settings, 
refer to table 6. 

All chips must be set to LCD off in order to turn 
off the display. 

The standby function of slave chips must be 
started up first while that of the master chip 
must be terminated first. 


Figure 24 to 26 show the connections of the 
synchronization signals for different system 
configurations and table 6 lists the differences between 
master mode and slave mode. 


HD66108T 
Master mode 


rot OSC1 FLM CL1 


Clock 





Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 


Figure 24 Configuration Using 2 HD66108T Chips (1) 
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HD66108T HD66108T 
Master mode Slave mode 
M M 


OSC1 FLM CL1 OSC1 FLM CLi 


Clock 


Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 





Figure 25 Configuration Using 2 HD66108T Chips (2) 
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Table 6 Comparison between Master and Slave Mode 


Item _ Master Mode 
Pin: MWS Must be set low 
OSC1, OSC2 Oscillation is possible 
CO = OSC1 
FLM, CLi,M> Output signals 
Register: AR Valid 
XAR Valid 
YAR Valid 
FCR Valid 
MDR | Valid 
CSR Valid (only if the DWS bits are 
set for the C-tye waveform) 
Notes 
- Valid : Needs to be set 


- Invaid: Need not be set | 
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Slave Mode 

Must be set high 

Oscillation is possible 

= OCS1 

Input signals 

Valid 

Valid 

Valid 

Valid except for the DUTY bits 
Valid except for the DWS bits 
Invalid 


HD66108 





= 
Column output 


HD61203 HD66108T 
Row driver Slave mode 


“M M 
FRM CL2 a OSC1 FLM CL1 


Note: 1. Theslave chip can oscillate CR clock pulses. In this case, the clock pulses must be — 
supplied to the HD61203 from the HD66108T’s CO pin. | 
2. The HD61203’s control pins must be set in accordance with the type of RAMs. 





Figure 26 Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203) 
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Internal Registers 


All HD66108T’s registers can be read from and 
written into. However, the BUSY FLAG and invalid 
bits cannot be written to and reading invalid bits or 
registers returns 0’s. 


1. Address Register (AR) (Accessed with RS = 0) 


This register (figure 27) contains Register No. bits, 





(1) STBY 
- 1: Standby function on 
- 0: Normal (standby function off) 


D7 D6 D5 D4 D3 ~p2 D1 Do 
BUSY 
BY . 
ez fer| orf = —_ 


BUSY FLAG bit, STBY bit, and DISP bit. Register 
No. bits select one of the data registers according to 
the register number written. The BUSY FLAG bit 
indicates the internal operation state if read. The 
STBY bit activates the standby function. The DISP 
bit turns the display on or off. This a is selected 
when RS pin is 0. 


Bits D4 and D3 are invalid. 


: When standby function is on, all registers are reset to 0's 


(2) DISP 
-1: LCDon | 
-0: LCD off 


(3) Register No. 


Bit 


No. Register 


Display memory 
X address register 
Y address register 
Control register 
Mode register 

C select register 


aOhwonw—o 
“-O0O0CO|N 
oo--oo/];-—4 
“~oOo-o-o0/|0 


(4) | BUSY FLAG (Can be read only) 
- 1: Busy state 
- 0: Ready state 


Figure 27 Address Register 
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2. Display Memory (DRAM) (Accessed with RS 
= 1, register number = (000),) 


Although display memory (figure 28) is not a register, 
it can be handled as one. 8- or 6-bit data can be 
selected by the control register WLS bit according to 
the character font in use. If 6-bit data is selected, D7 
and D6 bits are invalid. 


3. X Address Register (XAR) (Accessed with RS 
= 1, register number = (001),) 


8-Bit Data 


6-Bit Data 


This register (figure 29) contains 3 invalid bits (D7 to 
D5) and 5 valid bits (D4 to DO). It sets X addresses and 


confirms X addresses after writing or reading to or 


from the display memory. 


4. Y Address Register (Y AR) (Accessed with RS = 


1, register number = (010),) 


_ This register (figure 30) contains 1 invalid bit (D7) and 


7 valid bits (D6 to DO). It sets Y addresses and 
confirms Y addresses after writing or reading to or 
from the display memory. 


Reading bits marked with * return Os and writing them is invalid. 





Figure 28 Display Memory 
D7 D6 D5 D4 D3 D1 


P=  w 


XAD: 0 to 20 ($00 to $14) when display data is 8 bits long and 0 to 27 ($00 to $1B) when display data 
is 6 bits long. A maximum of $1F is programmable. 





Figure 29 X Address Register 


D7 


D6 D5 D4 D3 ~D2 _ Ot DO 


YAD 


YAD: 0 to 128 ($00 to $7F) 





Figure 30 Y Address Register 
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5. Control Register (FCR) (Accessed with RS = 
1, register number = (011),) 


This register (figure 31), containing eight bits, has a 
variety of functions such as specifying the method for 
accessing RAM, determining RAM valid area, and 
selecting the function of the LCD driving signal 
output pins. It must be initialized as soon as possible 





(1) INC (Address increment direction select) 
- 1: X address is incremented 
-0: Y address is incremented 


(2) WLS (Word length (of display data) select) 


= 1: 6-bit word 
- 0: 8-bit word 


(3) ‘PON (Row data protect on) 
- 1: Protect function on 
- 0: Pretect function off 


D7 D6 DS D4 D3 D2 _ Ot DO 
jw |ms|eou) os | om 


HD66108 


after power-on since it determines the overall operation 
of the HD66108T. The PON bit may have to be re-set 
afterwards. If the DUTY bits are rewritten after 
initialization at power-on (if values other than the 
initial values are desired), the display memory will 
not preserve data; the display memory must be set 
again after a time period of t,, or longer. For 


determining t,, ,, refer to equation 1 (section 3.1). 





(4) ROS (Row output (function of LCD driving output pins) select) 


Bit 
No. 43 Contents | 
0 00 165 column outputs 
1 01 65 row outputs from the right side 
2 10 65 ,row outputs from the left and right sides 
3 11 33 row outputs from the right side 


(5) DUTY (Multiplexing duty ratio) 


\ 
ae 
ete 


- Multiplexing 
Duty Ratio 


1/32 
1/34 
1/36 
1/48 
1/50 
1/64 
1/66 
Testing mode 


z 
° 


NO oh Qn — oO 

aot SK st OOOO IN 
a st OO =| =~ CO O | at 
“aot OO +0 |0O 


Figure 31 Control Register 
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6. Mode Register (MDR) (Accessed with RS = 1, 
register number = (100),) 


This register (figure 32), containing 3 invalid bits (D7 
to D5) and 5 valid bits (D4 to DO), selects a system 
clock and type of LCD driving waveform. It must 
also be initialized after power-on since it determines 
overall HD66108T operation like the FCR register. If 


D7 D6 D5 D4 D3 _ Ob2 


oe  e,¢ pe. .e 


the FFS bits are rewritten after initialization at power- 
on (if values other than the initial values are desired), 
the display memory will not preserve data; the display _ 
memory must be set again after a time period of t,, , or 
longer. For determining t,,,, refer to equation 1 
(section 3.1). 


DO 


FFS (Frame frequency select) 


Frequency- 
Division Ratio 


4 
1/2 
1/3 
1/4 
1/6 
1/8 
2 


z 
e 


4 
0 
0 
0 
0 
1 
1 
1 
1 


NOOR WM=0 
—~=-00—-+~ O00 e |5 
“O=-O0- OA 0I(Nn 


DWS (LCD driving waveform select) 


Bit 
Driving Waveform 


A-type waveform 
B-type waveform 
C-type waveform 





Figure 32 Mode Register 
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7. C Select Register (CSR) (Accessed with RS= and D6)and 5 valid bits (D5 to DO). It controls C-type 
1, register number = (101),) waveforms and is activated only when MDR register’s 


DWS bits are set for this type of waveform. 
This register (figure 33) contains 2 invalid bits (D7 


D2 Of DO 


CLN 


EOR (B-type waveform M signal @ no. of counting lines on/off) 
- 1: EOR function on | 
- 0: EOR function off 


CLN (No. of counting lines in C-type waveform) 
1 to 31 should be set in these bits; 0 must not be set. 





Figure 33 C Select Register 
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Reset Function 


The RESET pin starts the HD66108T after power- | or register bits except for the address register’s 





on. A RESET signal must be input via this pin for STBY bit and the X and Y address registers, 
at least 20 [ts to prevent system failure due to which are reset to 0’s by the signal. Table 8 
excessive current created after power-on. Figure 34 shows the reset status of registers. 


shows the reset definition. 
(3) Status after Reset 


(1) Reset Status of Pins The display memory does not preserve data 
Table 7 shows the reset status of output pins. | which has been written to it before reset; it 
The pins return to normal operation afterreset. © must be set again after reset. 

(2) Reset Status of Registers A RESET signal terminates the standby mode. 





The RESET signal has no effect on registers 


Table 7 Reset Status of Pins 


Pin | Status 

OSC2 Outputs clock pulses or oscillates 

CO Outputs clock pulses 

CL1 Low (master chip) or high-impedance (slave chip) 
FLM Low (master chip) or high-impedance (slave chip) 
M , Low (master chip) or high-impedance (slave chip) 
Xn(column output pins) — V4 

Xn’ (Row output pins) V5 


Table 8 Reset Status of Registers 


Register Status 

Address register Pre-reset status with the STBY bit reset to 0 
X address register Reset to 0’s 

Y address register Reset to 0’s 

Control register — | Pre-reset status 

Mode register Pre-reset status 

C select register Pre-reset status 

Display memory Preserves no pre-reset data 


At reset 


During reset After reset 
(Reset status) 





Figure 34 Reset Definition 
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Precautionary Notes When Using the HD66108T 


(1) 


(2) 


(3) 


(4) 
(5) 


Install a 0.1-l.F bypass capacitor as close to 
the LSI as possible to reduce power supply 
impedance (V_,-GND and V,,-V,,). 

Do not leave input pins open since the 
HD66108T is a CMOS LSI; refer to “Pin 
Functions” on how to deal with each pin. 
When using the internal oscillation clock, 
attach an oscillation resistor as close to the 
LSI as possible to reduce coupling capacitance. 
Make sure to input the reset signal at power- 
on so that internal units operate as specified. 
Maintain the LCD driving power at V_,.during 
standby state so that DC is not applied to an 
LCD, in which Xn pins are fixed at V4 or V5 
level. 


Programming Restrictions 


Se 








_ After busy time is terminated, an X or Y 


Display data area 


(2) 


(3) 


Row data area 
Figure 35 How to Set Row Data for 33-Row Output from the Right Side 


address is not incremented until 0.5-clock 
time has passed. If an X or Y address is read 
during this time period, non-updated data will 
be read. (The addresses are incremented even 
in this case.) In addition, the address increment 
direction should not be changed during this 
time since it will cause malfunctions. — 
Although the maximum output rows is 33 
when 33-row-output mode from the right side 
is specified, any multiplexing duty ratio can 
be specified. Therefore, row output data 
sufficient to fill the specified duty must be 
input in the Y direction. Figure 35 shows how 
to set row data in the case of 1/34 multiplexing 
duty ratio. In this case, Os must be set in Y33 
since data for the 34th row (Y33) are not 
output. | 

Do not set the C select register’s CLN bits 
to 0 for the M signal of C-type waveform. 
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Absolute Maximum Ratings 


item Symbol 
Power Supply Voltage (1) Vocl to V3 


Power Supply Voltage (2) Voc ~ Vee 
Input Voltage Vin 
Operating Temperature ee 
Storage Temperature Tete 


Ratings Unit — 


—0.3 to +7.0 V 
—0.3 to +16.5 V 
~0.3 to VCC +03 #=V 
-—20 to + 75 °C 
~20 to +85 °C 


Notes: 1. Permanent LSI damage may occur if the maximum ratings are exceeded. 
Normal operation should be under recommended operating conditions (V,, = 2.7 
to 6.0 V, GND = 0 V, Ta = —20 to + 75°C). If these conditions are exceeded, 


LS! malfunctions could occur. 


2. Power supply voltages are referenced to GND = 0 V. Power supply voltage (2) | 
indicates the difference between V,,. and V,-. 
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Electrical Characteristics 
DC Characteristics (1) (V.,. = 5 V +20%, GND = 0 v, Vic 7 Veg = 6.0 to 15 V, Ta = -20 to+75°C, 
unless otherwise noted) 





item Symbol Min Typ Max Unit TestConditions Notes 
Input High OSC1 Vial 0.8xV,. - Veg + 0.3 V 
wollage M/S, CL1, FLM, V2. O7XV, —-  Vot03 V 
M, TEST1, TEST2 
RESET Vue  0.85xVoo - Veg + 0.3 V | 
The other inputs Vt 2.0 - Veg + 0.3. V Veg = 5 V £10% 5 
Input Low OSC1 V1 -0.3 = 0.2xVo, V 
melee MIS, CL1, FLM, Vi2. 03 - 03xVy V 
M, TEST1, TEST2 
RESET V,3 0.3 7 0.15xV. V 
The other inputs V,4 0.3 _ 08 V Voc = SV 410% 6 
Output High CO, CL1, FLM, M Vont 0.9xVe, - V l= 0.1 mA 
Voltage = -DB7—DBO Vo2 24 - - Vo w= O2mMA 7 
Veg = 5 V £10% 
Output Low CO, CL1, FLM, M Voi - - 0.1xVo, V ly, = 0.1 mA 
moines DB7—-DBO — Wy2 - — 04 V Iy=t6mA 8 
Voce = 5 V £10% 
Input Leakage All except DB7-DB0, |, -2.5 - 25  wA V,, = 0 to V.. 
Current CL1, FLM, M 
Tri-State DB7—DB0, CL1,FLM, Le -10 - 10 pA V,, = 0 to V., 
Leakage Current M 
V Pins Leakage V1, V3, V4, V6, Nn -10 - 10 HAV, = Veg to Vig 
Current VMHn, VMLn » | | 
Current During display loot - - 400 pA External clock 1 
Consumption fosc = 500 kHz 
loo2 - - 1.0 mA __Internaloscillation 1 
Rf = 91 kQ 
| During standby data Ls - - 10 pA 1,2 
ON Resistance X0-X164 Roy 7 = 10 — kQ th, =50 pA © 3 
between Vi and Xj Voc ~ Veg = 10 V 
V Pins Voltage AV ~ - 35 % 4 
Range | | 
Oscillating Frequency lise 315 450 585 kHz RAf=91kQ 


Notes: 1. When voltage applied to input pins is fixed to Voc or to GND and output pins have no load capacity. 
2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external clock pulses, 
input pins must be fixed high or low. Exposing the LSI to light increases current consumption. 


3. |,,, indicates the current supplied to one measured pin. 

4, AV = 0.35 x (V,, — V.,). For levels V1, V2,.and V3, the voltage employed should fail between the Voc and the 
AV and for levels v4, V5, and V6, the voltage employed should fall between the V,.. and the AV (figure 36). 

5. V,,3 (min) = 0.7 x V,,. when used under conditions other than V,,. = 5 v £10%. 

6. V,3 (max) = 0.15 x Voc when used under conditions other than Voc =5V+10%. 

7. Voy2 (min) = 0.9 x V.. leg = 0.1 mA) when used under conditions other than V,, = 5 V£10%. 

8. V2 (max) = 0.1 x Ve (I, = 0.1 mA) when used under conditions other than V,, = 5 V 10%. 
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DC Characteristics (2) (V_., = 2.7 to 4.0 V, GND = 0 V, View Viz = 6.0 to 15 V, Ta = -20 to +75°C, 


unless otherwise noted) 


Item 

Input High RESET 

Voltage The other inputs 

Input Low M/S, OSC1, CL1, FLM, 

Voltage TEST1, TEST2, M 
The other inputs 

Output High 

Voltage 

Output Low 

Voltage 

Input Leakage All except DB7~DBO, 

Current CL1, FLM, M ) 

Tri-State DB7~DBO, CL1, FLM, 


Leakage Current M 
V Pins Leakage V1, V3, V4, V6, 


Current VMHn, VMLn 
Current During display 
Consumption 

During standby state 


ON Resistance X0-X164 
between Vi and Xj 


V Pins Voltage 
Range 


Oscillating Frequency 


Symbol Min — 


Vial 
Vine 
V1 


Vi2 


Nat 


Vout 


OL 
HL 


TSt 


AV 


fosc 


Unit 


V 
V 
V 


pA 


pA 


pA 


pA 
kQ 


% 


kHz 


Test Conditions Notes 


—loy = 50 pA 


lo, = 50 pA 


V, =O0toV,, 


‘V,, = 0 to Vo, 


V,, = Veg 10 Vog 


External clock 1 


fose = 500 KHz 


Internal oscillation 1 
Rf = 75 kQ 


1,2 


+1, = 50 pA 3 


Veo ~ Vez = 10 V 


Rf = 75 kQ 


Notes: 1. When voltage applied to input pins is fixed to V., or to GND and output pins have no load capacity. Exposing 


the LSI to light increases current consumption. 


2. When the LSI is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external clock pulses, 
input pins must be fixed high or low. | 


3. I, indicates the current supplied to one measured pin. 


4. AV =0.35 x (V,, — V,,). For levels V1, V2, and V3, the voltage employed should fall between the V,,. and 
the AV and for levels V4, V5, and V6, the voltage employed should fall between the V,. and the AV (figure 


36). 
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AV | Vi, V2, V3 Levels 


AV | V4, V5, V6 Levels 


Figure 36 Driver Output Waveform and Voltage Levels 
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AC Characteristics (1) (V_,, = 4.5 to 6.0 V, GND = 0 V, Ta = -20 to +75°C, unless otherwise noted) 


1. CPU Bus Timing (figure 37) 


Item Symbol Min Max Unit 
_ RD High-Level Pulse Width toes 190 - ns 
RD Low-Level Pulse Width - ta 190° - ns 
WR High-Level Pulse Width eee 190 - ns 
_ WR Low-Level Pulse Width Bs 190 - sas 
WR-RD High-Level Pulse Width i 190 - ns 
CS, RS Setup Time te 0 - ns 
CS, RS Hold Time to 0 - ns 
Write Data Setup Time tsy 100 - ns 
Write Data Hold Time toaw 0 _ ns 
Read Data Output Delay Time tna = 150 ns _—— Note 
Read Data Hold Time | tik 20 = ns Note 
External Clock Cycle Time - teve 0.25 5.0 Us | 
External Clock High-Level Pulse Width * Wea 0.1 - ys 
External Clock Low-Level Pulse Width toc 0.1 7 us 
External Clock Rise and Fall time tr, tf ) _ 20 ns 
Note: Measured by test circuit 1 (figure 39). 
Zz. LCD Interface Timing (figure 38) 
item Symbol Min Max Notes 
M/S = 0 CL1 High-Level Pulse Width t,,1 35 - 1,4,5 
CL1 Low-Level Pulse Width ty, 1 35 - 1,4,5 
FLM Delay Time bal 2.0 — +2.0 4,5 
FLM Hold Time te -2.0 +2.0 4,5 
M Output Delay Time tomo? —~2.0 +2.0 4,5 
M/S = 1 CL1 High-Level Pulse Width —t,,,,,2 35 - 4,5 
CLi Low-Level Pulse Width teni2 Wxty - 2,4,5 
FLM Delay Time tori2 2.0 15xty. 34,5 
FLM Hold Time turi2 -2.0 +2.0 4,5 
_M Delay Time ae -2.0 +2.0 4,5 


Notes: 1. When R,,, is 91 kQ (V,, = 4.0 to 6 V) or 75 kQ (V,, = 2.0 to 4.0 V) and bits FFS are set for 1. 
2. When bits FFS are set for 1 or 2. The value is 19 x t,,, in other cases. 
3. When bitgs FFS are set for 1 or 2. The value is 8.5 x t,,, in other cases. 
4. Measured by test circuit 2 (figure 39). 

5 


Units are ps. 
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AC Characteristics (2) (V,...= 2.7 to 4.5 V, GND = 0 V, Ta = -20 to +75°C, unless otherwise noted) 


1. CPU Bus Timing (figure 37) 





Item Symbol Min Max Unit 

RD High-Level Pulse Width | © aligns 1.0 - ys 

RD Low-Level Pulse Width ty  .-—s_:—«WbicO - us 

WR High-Level Pulse Width boi 1.0 - us 

WR Low-Level Pulse Width tig 1.0 - Us 

WR-RD High-Level Pulse Width tices 1.0 ~ Us 

CS, RS Setup Time tas 0.5 = us 

CS, RS Hold Time tan 0.1 ~ ys 

Write Data Setup Time tosw 1.0 = Ls 

Write Data Hold Time | eer 0 = us 

Read Data Output Delay Time tion - 0.5 ps Note 

Read Data Hold Time ae 20 7 ns Note 

External Clock Cycle Time | tive 1.6 5.0 Hs 

External Clock High-Level Pulse Width won 0.7 _ us 

External Clock Low-Level Pulse Width ae 0.7 - Us 

External Clock Rise and Fall time tr, tf - 0.1 us 

Note: Measured by test circuit 2 (figure 39). | 

2. LCD Interface Timing (figure 38) 

item Symbol Min Max Notes 

M/S =0 CLi High-Level Pulse Width _—t,,,,,1 35 - 1,4,5 
CL1 Low-Level Pulse Width —t,., 1 35 = 1,4,5 
FLM Delay Time tee -2.0 +2.0 4,5 
FLM Hold Time tort -2.0 +2.0 4,5 
M Output Delay Time tomo! -2.0 +2.0 4,5 

MWS=1  CL1 High-Level Pulse Width t,,2 35 4,5 

CL1 Low-Level Pulse Width t,.,2 WXtwe 2, 4,5 

FLM Delay Time tori2 -2.0 15xXty. 34,5 
FLM Hold Time tur.2 -2.0 +2.0 4,5 
M Delay Time tows —2.0 +2.0 © 4,5 


Notes: 1. When R,,, is 91 kQ(V,, = 4.0 to 6 V) or 75 kQ (V,, = 2.7 to 4.0 V) and bits FFS are set for 1. 
2. When bits FFS are set for 1 or 2. The value is 19 x t,,, in other cases. 

3. When bits FFS are set for 1 or 2. The value is 8.5 x t,,, in other cases. 

4. Measured by test circuit 2 (figure 39). 

5 


Units are ps. 
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Figure 37 CPU Bus Timing 


twont Kwone twors/twere 


tueus/tueve 
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| Figure 38 LCD Interface Timing 
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All diodes are 1S2074 ®) 


R, = 2.4kQ 


R= 11kQ 
C = 130pF 


Test Circuit 1 


C = 50pF 


Test Circuit 2 





Figure 39 Load Circuits 
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TCP Sketches and Mounting 


The following shows TCP sketches and TCP mounting on a printed circuit board. These drawings do not restrict 
_ TCP shape. : 


Potting resin Solder resist 


Pattern-formed 
- surface 


TCP Rough Sketch 


Wiring-pattern-plated 


Pottingresin  Pattern-formed surface 


(Chip back-grinded surface) 
Tape base 


A-A' Cross-Sectional View 


Chip back-grinded surface 


Solder Tape base 
Tape base | 


| 


= | Pattern-formed surface 


TCP Mounting on PC Board 
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(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 


Description 


The HD66204F/HD66204FL/HD66204TF/HD 
66204TFL, the column driver for a large liquid 
crystal graphic display, features as many as 80 
LCD outputs powered by 80 internal LCD drive 
circuits. This device latches 4-bit parallel data 
sent from an LCD controller, and generates LCD 
drive signals. In standby mode provided by its 
internal standby function, only one drive circuit 
operates, lowering power dissipation. The 
HD66204 has a complete line-up: the HD66204F, 
a standard device powered by 5 V + 10%; the 
HD66204FL, a 2.7—-5.5 V, low power dissipation 


Features 


¢ Duty cycle: 1/64 to 1/240 
e High voltage 
— LCD drive: 10-28 V 
¢ High clock speed 
— 8 MHz max under 5-V operation 
(HD66204F/HD66204TF) 
— 4 MHz max under 3-V operation 
(HD66204FL/HD66204TFL) 
¢ Display off function 
¢ Internal automatic chip enable signal generator 
¢ Various LCD controller interfaces 
— LCTC series: HD63645, HD64645, 


device suitable for battery-driven portable HD64646 

equipment such as “notebook” personal computers — LVIC series: HD66840, HD66841 

and palm-top personal computers; and the — CLINE: HD66850 

HD66204TF and HD66204TFL, thin package 

devices powered by 5 V + 10% and 2.7-5.5 V, 

respectively. 

Ordering Information 

Type No. Voltage Range Package 

HD66204F 5 V+ 10% 100-pin plastic QFP (FP-100) 
~HD66204TF 5 V+ 10% 7 100-pin thin plastic QFP (TFP-100) 

HCD66204__ 5 V+ 10% Chip 

HD66204FL 2.7-5.5 V 100-pin plastic QFP (FP-100) 

HD66204TFL 2.7-5.5 V 100-pin thin plastic QFP (TFP-100) 

HCD66204L 2.7-5.5 V Chip 
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Pin Arrangement 
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Y51 
Y52 
Y53 
Y54 
Y55 
Y56 
Y57 
Y58 
Y59 
Y60 
Y61 
Y62 
Y63 
Y64 
Y65 
Y66 


_Y67 


Y68 
Ye9 
Y70 
Y71 
Y72 
73 


Y74 


Y75 
Y76 
Y77 
Y78 
Y79 
Y80 


ET] 


vi] 32 


V3.7} 33 





V4L_] 34 
VEEL} 35 


HD66204F —— 
HD66204FL 67 
(FP-100) 66{_ 


M[771 36 
CL1 [2] 37 


GND [7] 38 


DISPOFF L_] 39 
VCCL_} 40 


SHL[[] 41 
NC [} 42 


(Top View) 
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Y30 
Y29 
Y28 
Y27 
Y26 
Y25 
Y24 
Y23 
Y22 
Y21 
Y20 
Y19 
Y18 
Y17 


Y16 


Y15 
Y14 
Y13 
Y12 
Yi1 
Y10 
Y9 

Y8 


Y6— 
Y5 
Y4 
Y3 
Y2 
Y1 


HD66204 


HD66204TF 647] Y16 


HD66204TFL 62) via 
(TFP-100) | 61 | i Y13 





(Top View) 
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Pin Description 
Symbol Pin No. (FP-100/TFP-100) Pin Name Input/Output Classification 
Voc 40/38 | 7 Vec — Power supply 
GND 38/36 GND | — Power supply 
Veg 35/33 Veg — Power supply 
V1 | 32/30 V1 Input Power supply 
V3 33/31 V3 Input Power supply 
V4 34/32 — V4 Input Power supply 
CL1 37/85 Clock 1 Input Control signal 
CL2 49/44 Clock 2 Input Control signal 
M — 36/34 | M - Input Control signal 
Do-D3 48-—45/43—40 Data 0—data 3 Input Control signal 
SHL 41/39 Shift left input Control signal 
E 31/29 Enable Input Control signal 
CAR 50/48 Carry Output Control signal 
DISPOFF 39/37 Display off Input : Control signal 
Y;-Yeo 51-100, 1-30/49-100, 1-28  Y1-Y80_ Output LCD drive output 


NC 42, 43, 44/45, 46, 47 No connection — — 
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Pin Functions 
Power Supply 


Vcc: Vez, GND: Vcc-GND supplies power to 
the internal logic circuits. Vcc—VgRg supplies 
power to the LCD drive circuits. 


V1, V3, V4: Supply different levels of power to 
drive the LCD. V1 and Vg are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 


Control Signal 


CLI: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
Circuit, and outputs LCD drive signals 


corresponding to the latched data, both at the 


falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via Do—D3 at the falling edge of each 
CL2 pulse. 


M: Changes LCD drive outputs to AC. 


HD66204 


Do—D3: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations of display data 
output. See figure 2. 


E: A low E enables the chip, and a high E disables 
the chip. 


CAR: Outputs the E signal to the next HD66204 if 
HD66204s are connected in cascade. 


DISPOFF: A low DISP sets LCD drive outputs 


Y 1—Ygo to V1 level. 
LCD Drive Output 


Y4—Ygo: Each Y outputs one of the four voltage 
levels V1, V3, V4, or Veg, depending on a 
combination of the M signal and display data 
levels. See figure 3. 


NC: Must be open. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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Figure 2 Selection of Destinations of Display Data Output 


V3 


VEE! v4! v1 
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Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 


Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit. 


4-Bit Latch Circuit 


The 4-bit latch circuit latches 4-bit parallel data 
input via the Do to D3 pins at the timing generated 
by the control circuit. 


Line Data Latch Circuit 


The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. | 


Block Diagram 


HD66204 


Level Shifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


LCD Drive Circuit 


The 80-bit LCD drive circuit generates four 
voltage levels V1, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 


Y1-—Y80 


LCD drive circuit 


a a 


DISPOFF 


Level shifter 
Line data latch circuit 
cL1 -—___> , 


ao. 


4-bit 


Circuit 


latch é 
——SSSSSEE 


Controller | 
E———_> . 
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Comparison of the HD66204 with the HD61104 


Item HD66204 HD61104 
Clock speed 8.0 MHz max. | 3.5 MHz max. 
Display off function Provided Not provided 
LCD drive voltage range 10-28 V 10-26 V 
Relation between SHL and See figure 4 See figure 4 
LCD output destinations , | 
Relation between LCD output See figure 5 See figure § 
levels, M, and data 

LCD drive V pins Vi, V3, V4 V1, V2, V3, V4 


(V2 level is the same as VEE level) 


SHL=high SHL = high 
HD66204 HD61104 


_ Note the exact reverse relation for the two devices. 


Log a i sacar eee! aa 
M 0 M e 

Reval lice py Lory 
Y output level [eaten Sa Y output level ee! RCNA Plas | 


HD66204 HD61104 





Figure 5 Relation between LCD Output Levels, M, and Data for the HD66204 and HD61104 
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Operation Timing 


CL2 | v | v | v Set eee | v | Y | v 
1 2 8 | 


Data 3 


~_ 
wo 
NO 
© 


CL1 


CAR 
(No. 1) 


HD66204 no. 1 latches data 


CAR 
(No. 2) HD66204 no. 2 


— latches data 





CAR 


(No. 3) HD66204 no. 3 


latches data 


CAR 
(No. n) HD66204 no. n 


' 
' | 
latches data 


a Sen nCrennEr St 
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Application Example 





LCD panel of 640 x 240 dots; 
1/240 duty cycle 


Ri Fe Rt At 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 * R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two 0.1-u.F capacitors near each LCD driver: one 
between the Voc and GND pins, and the other between the Voc and Ver pins. 
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Absolute Maximum Ratings 


Item | Symbol Rating Unit Notes 
Power supply voltage for logic circuits Vec —0.3 to +7.0 V 1 
Power supply voltage for LCD drive circuits Veg Voc — 30.0 to Veg + 0.3 V 
Input voltage 1 Vr4 —0.3 to Voc + 0.3 V 1,2 
Input voltage 2 Vr Vee —0.3toVeo +03 V 1,3 
Operating temperature Topr —20 to +75 °C 

°C 


Storage temperature T stg —55 to +125 
Notes: 1. The reference point is GND (0 V). : 


2. Applies to pins CL1, CL2, M, SHL, E, Do-D3, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


Electrical Characteristics 


DC Characteristics for the HD66204F/HD66204TF (Vcc = 5 V + 10%, GND = 0 V, Vcc - Ver = 10 
to 28 V, and Ta = —20 to +75°C, unless otherwise noted.) 


Item Symbol Pins Min. Typ. Max. Unit Condition | | Notes 
Input high voltage Vin 1 0.7 x Voc oo V 
Input low voltage Vit 1 0 — 0.3xVoco V 
Output high voltage Vou 2 Veco -04— — V lon = —0.4 mA 
Output low voltage Voi 206 — 0.4 V lo, = 0.4mA 
Vi-Yj on resistance Ron 3 — — 40 kKQ = lon = 100 pA 1 
Input leakage current1 =I; 1 -1.0 — 1.0 HA Vin = Vec to GND 
Input leakage current 2 = Ino 4 —25 — 25 HA Vin = Voc to Veg 
Current consumption 1 — lenp — — — 3.0 mA = foo = 8.0 MHz 2 
foLy = 20 kHz 
Veco — Veg = 28 V 
Current consumption 2 leg oe _— 150 500 yA Same as above 2 
Current consumption 3. Isj — _ — 200 pA Same as above 2,3 


Pins and notes on next page. 
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DC Characteristics for the HD66204FL/HD66204TFL (Vcc = 2.7 to 5.5 V, GND = 0 V, Vcc — Veg = | 
10 to 28 V, and Ta = —20 to +75°C, unless otherwise noted.) 


item 

Input high voltage 
Input low voltage - 
Output high voltage 
Output low voltage 
Vi-Yj on resistance. 
Input leakage current 1 
Input leakage current 2 


Current consumption 1 


Current consumption 2 
Current consumption 3 
Pins: 

CAR 


“=~ & WN 


Notes: 


Symbol 
Vin 
Vit 


lee 
Ist 
1; 


. Y¥y-Ygo, V1, V3, V4 
. V1, V3, V4 
. Indicates the resistance between one pin from Y;—Ygo and another pin from V1, V3, V4, and 


Pins = Min. 

1 0.7x Voc 
1 0 

2 Voc — 0.4 
2 ales 

3 = 

1 —1.0 

4 —25 


CLT, CL2, M, SHL, E, Dp-D3, DISPOFF 


Max. — Unit 
Voc V 
0.3xVoco V 
zs V 
0.4 V 
4.0 kQ 
1.0 pA 
25 pA 
1.0 mA 
500 pA 
50 pA 


Condition Notes 
lou =—0.4mA 

lo, = 0.4 mA 

lon = 100 LA 1 

Vin ms Voc to GND 


Vin = Voc to Vege 


foie = 4.0 MHz 2 
fous z= 16.8 kHz 

fu = 35 Hz. 

Veo - Veg = 28 V 
Checker-board 
pattern | 


Same as above 2 
Same as above 2,3 


Ver, when load current is applied to the Y pin; defined under the following conditions. 
Vec — GND = 28 V 
V1, V3 = Voc — {2/10(Vec — Veg)} 
V4 = Veg + {2/10(Vec — Veg)} 


V1 and V3 should be near Voc level, and V4 should be near Veg level (figure 6). All voltage 
must be within AV. AV is the range within which Row, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Vcc—V_g (figure 7). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows | 
To avoid this, V4 and Vy must be held to Veg 


from the power supply through the input circuit. 


and GND levels, respectively. 


3. Applies to standby mode. — 


702 


HITACHI 


HD66204 





Figure 6 Relation between Driver Output Waveform and Level Voltages 


Level voltage range 


10 ~—| 28 
Vcec-VEE (V) 





Figure 7 Relation between Vcc — Veg and AV 
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AC Characteristics for the HD66204F/HD66204TF (Vcc = 5 V+ 10%, GND = 0 V, and Ta = -20 to 
+75°C, unless otherwise noted.) 


Item Symbol Pins Min. Max. Unit Notes 
Clock cycle time tovc CL2 125 _— ns 

Clock high-level width 1 towH CL1, CL2 45 — ns 

Clock low-level width towL CL2 45 — ns 

Clock setup time tscr CL1i, CL2 80 — ns 

Clock hold time tucL CL1, CL2 — 80 —_ ns 

Clock rise time t CL1, CL2 — Notei ons 1 
Clock fall time ty CL1, CL2 — Note 1 ns 1 
Data setup time tos Do-D3, CL2 20 — ns 

Data hold time tou Do-Dg, CL2 20 —_ ns 
Enable (E) setup time tesu E, CL2 30 — ns 

Carry (CAR) output delay time tocar CAR, CL2 — 80 . ns 2 
M phase difference time tom M, CL2 — 300 ns | 


CL1 cycle time toL4 CL1 tcyc x 50 — ns 


AC Characteristics for the HD66204FL/HD66204TFL (Vcc = 2.7 to 5.5V, GND = 0 V, and Ta = -20 
to +75°C, unless otherwise noted.) 


Item ; Symbol Pins Min. Max. Unit Notes 





Clock cycle time tcyc — CLl2 250 _ ns 
Clock high-level width1 = town ~ CL1, CL2 95 — ns 
Clock low-level width towL CL2 95 —_ ns 
Clock setup time tsc CL1, CL2 80 _ ns 
Clock hold time ta CL1, CL2 80 ES ns 
Clock rise time <a CL1, CL2 — Note 1 ns 1 
Clock fall time ts CL1, CL2 — Note 1 ns 1 
Data setup time tos Do-D3, CL2 50 — ns 
Data hold time | toy Do-D3,CL2 50 _ ns 
Enable (E) setup time | tesu E, CL2 65 | _ ns 
Carry (CAR) output delay time tcan CAR, CL2 _ 155 ns 2 
M phase difference time tom M, CL2 — 300 ns 
CL1 cycle time tos CL1 tcyc x 50 — ns 


Notes: 1. t,, t<(tcyc — town — tew.)/2 and t,, tp < 50 ns 
2. The load circuit shown in figure 8 is connected. 
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Test point 7. 


as 





Figure 8 Load Circuit 





Figure 9 LCD Controller Interface Timing 
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(Dot Matrix Liquid Crystal Graphic Display 
Common Driver with 80-Channe! Outputs) 


Description 


The HD66205F/HD66205FL/HD66205TF/HD 
6620STFL/HD66205T/HD66205TL, the row LCD 
driver, features low output impedance and as many 
as 80 LCD outputs powered by 80 internal LCD 
drive circuits, and can drive a large liquid crystal 
graphic display. Because this device is fabricated 
by the CMOS process, it is suitable for battery- 
driven portable equipment, which fully utilizes the 
low power dissipation of liquid crystal elements. 
The HD66205 has a complete line-up: the 
HD66205F, a standard device powered by 5 V + 
10%; the HD66205FL, a 2.7-5.5 V, low power 
dissipation device; the HD6620STF and 
HD6620S5STFL, thin film package devices each 
powered by 5 V + 10% and 2.7—5.5 V; and the 


HD66205T, tape carrier package | (TCP) devices 
powered by 2.7-5.5 V, respectively. 


Features 


¢ Duty cycle: 1/64 to 1/240 
¢ High voltage 
— LCD drive: 10-28 V 
e Display off function 
¢ Internal 80-bit shift register 
e Various LCD controller interfaces 
— LCTC series: HD63645, HD64645, 
 HD64646 
— LVIC series: HD66840, HD66841 
— CLINE: HD66850 
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Ordering Information 1 (Flat package and die shipment) 


Type No. Voltage Range Package 


HD66205F 5V+10% 100-pin plastic QFP (FP-100) 
HD66205FL 2.7-5.5 V 100-pin plastic QFP (FP-100) 


HD66205TF 5§V+10% 100-pin thin plastic QFP (TFP-100) 


HD66205TFL 2.7-5.5 V 100-pin thin plastic QFP (TFP-100) 
HCD66205 5 V+10% Chip 


HCD66205L 2.7-5.5 V Chip 
Ordering Information 2 (tape carrier package) 


Type No. Voltage Range Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length 
HD66205TA1 2.7-5.5V 0.15mm 0.80mm 4 sprocket holes 
HD66205TA2 2.7-5.5V | 0.18mm 0.80mm | 4 sprocket holes 


HD66205 TAS 2.7-5.5V 0.20mm 0.80mm 4 sprocket holes 
HD66205TA6 2.7-5.5V 0.22mm 0.70mm 4 sprocket holes 


HD66205TA7 2.7-5.5V 0.25mm 0.70mm 4 sprocket holes 
HD66205TASL = 2.7-5.5V 0.22mm 0.70mm 3 sprocket holes 


Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 
2. Device length includes test pad areas. 

3. Spacing between two sprocket holes is 4.75mm. 

4. Tape film is Upirex (a trademark of Ube industries, Ltd.). 

5. 35-mm-wide tape is used. 

6. Leads are plated with Sn. 

7. The details of TCP pattern are shown in” The Information of TCP. * 
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Pin Arrangement 


100L..) X50 
99[] x49 
98[__] X48 
97|__] X47 
96] X46 
95[_] X45 
94] X44 
93(C_] X43 
92C_] x42 
91[] X41 
90[__] X40 
89}__} X39 


ONO nA WD — 


HD66205F 


HD66205FL 
(FP-100) 


NC (_] 31 
DO ([__] 32 
NC (_] 33 
VEE L_] 34 
V5 CJ 35 
V6 L_} 36 
V1(C) 37 
NC [—j 38 
DISPOFF [] 39 
vec [_] 40 
SHL [7] 41 
GND [_] 42 


(Top View) 
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88{_] X38 
87] X37 
86C_] X36 


M__] 44 
NC [_] 45 
CLL_] 46 
NC [_] 47 


NC (_] 43 





X30 
X29 
X28 
X27 
X26 
X25 
X24 
X23 
X22 
X21 
X20 
X19 
X18 
X17 
X16 


| X15 


X14 
X13 
X12 
X11 
X10 
X9 
X8 
X7 
X6 
X5 
X4 
X3 


X1 


HD66205 





75 (__] X27 
74][__] X26 
73 L__J X25 
72{__]} X24 
71 [_] X23 
70{__] X22 
69{__] X21 
68 |__] X20 
67 {__] X19 
66 |__] X18 
65|_] X17 
64{__] X16 
63 [__] X15 
62 {__] X14 
61 [__] X13 
60 (_] X12 
59 [__] X11 
08 [__] X10 
3/7 [_] X9 
56 {__] X8 
95 {__] X7 
54 (7) X6 
93 [__] X5 
02 [_] X4 
1{_] X3 


HD66205TF 
HD66205T FL 





(Top View) 
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Pin Description 


Symbol 


Voc 
GND 
VEE 

v1 
VS 
V6 

CL 

M 

Di 

DO 
SHL 
DISPOFF 
X=Kin 


NC 


710 


Pin No. 


FP-100 / TFP-100 


40/38 
42/40 
34/32 
37/35 
35/33 
36/34 
46/44 
44/42 
48/46 
32/31 
41/39 
39/37 


51-100, 1—30/ 


1-28, 49-100 


31, 33, 38, 43, 
45, 47, 49, 50/ 
29, 30, 36, 41, 
43, 45, 47, 48 


Pin Name 


Voc 
GND 
VEE 

V1 

V5 

V6 
Clock 

M 

Data in | 
Data out 
Shift left 
Display off 
X1-X80 


No connection 
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Input/Output 


Input 
Input 
Input 
Input 
Input 
Input 
Output 
input 
Input 
Output 


Classification 


Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 


LCD drive output 





Pin Functions 
Power Supply 


Vcc, Vez, GND: Vcc—-GND supplies power to the 
internal logic circuits. Vcc—Vegg supplies power to 
the LCD drive circuits. 


V1, V5, V6: Supply different levels of power to 
drive the LCD. V1 and Vg are selected levels, 
and V5 and V6 are non-selected levels. See figure 
1. 


Control Signal 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts display data input via the DI 


pin. 
M: Changes LCD drive outputs to AC. 


DI; Inputs display data. DI of the first HD66205 

must be connected to an LCD controller, and those 

of the other HD66205s must be connected to DI of 
the previous HD66205. 


HD66205 


DO: Outputs display data. DO of the last 
HD66205 must be open, and those of the other 
HD66205s must be connected to DI of the next 
HD66205. : 


SHL: Selects the data shiftt direction for the shift 
register. See figure 2. 


DISPOFF: A low DISP sets LCD drive outputs 


X,—Xgo to V1 level. 
LCD Drive Output 
X,—Xgo: Each X outputs one of the four voltage 
levels V1, V5, V6, or Veg, depending on a 
combination of the M signal and display data 
levels. See figure 3. 


Other 


NC: Must be open. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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i Common signal 
| SHL level Data shift direction scan direction 


caceenienl we 
omnes | eee 


Figure 2 Selection of Display Data Shift Direction 





X output level | V1 | V5 Wed V6 | 


Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 


The 80-bit LCD drive circuit generates four 
voltage levels V1, V5, V6, and Vgr, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the shift register 


Level Shifter 


The level shifter changes 5-V signals into high- 


voltage signals for the LCD drive circuit. 


Block Diagram 


DISPOFF 
CL 

~ Di 

SHL 


DO 


HD66205 


Shift Register 


The 80-bit shift register shifts data input via the DI 
pin by one bit, and the one bit of shifted-out data is 
output from the DO pin. Both actions occur 
simultaneously at the falling edge of each shift 
clock (CL) pulse | 


LCD drive circuit 


Level shifter 


Shift register 
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Comparison of the HD66205 with the HD61105 


Item HD66205 HD61105 

Display off function Provided | Not provided 

LCD drive voltage range 10-28 V ~ 10-26 V 

Shift clock phase selection function Not provided | Provided (FCS pin) 
Relation between SHL and See figure 4 See figure 4 

LCD output destinations 

Relation between LCD output See figure 5 | See figure 5 

levels, M, and data 

LCD drive V pins Vi, V5, V6 V1, V2, V5, V6 


(V2 level is the same as Ver level) 


Common signal 
SHL level Data shift direction scan direction 
DI>SR1 >SR2 >sRe0| X1> x80 
DI » SR80-» SR79 » SR1 X80 > X1 


HD66205 


| Common signal 

SHL level Data shift direction scan direction 
“Die SR80>SR79>SR1 | X80>X1 

igh Di>SR1 >SR2 »>SRE0| X1-> x80 _ 


HD61105 


Note the exact reverse relation for the two devices. 





Figure 4 Relation between SHL and LCD Output Destinations for the HD66205 and HD61105 


M710 
DO LO 


X output level AL X output level PALIN AIPA V6 VI VS 


HD66205 HD61105 





Figure 5 Relation between LCD Output Levels, M, and Data for the HD66205 and HD61105 
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Operation Timing 


Figure 6 shows the operation timing for the Application Example. 


gap d lie 
Semin 

| | md 4 
ie 


24014 2 3 


1607 a 


80 123 


6 


{<e] 
N 
> > 


2401 23 
V 


an se) 
Ni 
vr 
Oo 
© 
_ 


Ef 
i 


vt 
a Q.. 
v1 


2404293 


M 
DL 
X80 (COM1) 


V 
Vivs 
X80 (COM81)"_—s« Lys __ 
V6 
x80 (COM161) "| v5__ 


From 
LCD 
controller 


(1) S$0z990H (2) S0OZ990H |  (¢) soze9qH 


Figure 6 Relation between SHL and LCD Output Destinations 
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Application Example 






LCD panel of 640 x 240 dots; 
1/240 duty cycle 


LCD consotier 


Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 * R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two 0.1-uF capacitors near each LCD driver: one 
between the Voc and GND pins, and the other between the Voc and Veg pins. 
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Absolute Maximum Ratings 


Item Symbol Rating Unit Notes 


Power supply voltage for logic circuits Vec —0.3 to +7.0 V 1 
Power supply voltage for LCD drive circuits Veg Voc — 30.0 to Veo + 0.3: ~V 

Input voltage 1 V4 —0.3 to Voc + 0.3 V 1,2 
Input voltage 2 Vt2 Veg —0.3to Veg +03 V 1,3 
Operating temperature Topr —20 to +75 °C 

Storage temperature T stg —55 to +125 °C 4 


Notes: 1. The reference point is GND (0 V). 

. Applies to pins CL, M, SHL, Dl, DISPOFF. 
. Applies to pins V1, V5, and V6. 

. —40 to +125°C for TCP devices. 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


a Ff © NH 


Electrical Characteristics 


DC Characteristics for the HD66205F/HD66205TF (Vcc = 5 V + 10%, GND = 0 V, Vcc — Vex = 10 
to 28 V, and Ta = —20 to +75°C, unless otherwise noted.) 


Item Symboi Pins Min. Typ. Max. | Unit Condition Notes 

Input high voltage Vi 1  O7xVoo — Veo V 

Input low voltage Vit 1 0 — 0.3xVec V 

Output high voltage Vou 2 Veo -04 —-— — V lon = -0.4 mA 

Output low voltage VoL 2 —_ — 0.4 V lo, = 0.4 mA 

Vi-Yj on resistance Ron 3 _ — 2.0 kKQ = Ion = 100 pA 1 

Input leakage current1 1y, 1 —-1.0 — 1.0 vA Vw = Voc to GND 

Input leakage current2 Iyo 4 —25 — 25 WA Vin = Voc to Veg 

Current consumption! Igyn —- — — 100 WA fo, = 20 kHz 2 
Veco — Veg = 28 V 

Current consumption2 = leg - — — 150 500 pA Same as above 2 


Pins and notes on next page. 
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DC Characteristics for the HD66204FL/HD66204TFL/HD66204T (Vcc = 2.7 to 5.5 V, GND = 0 V, 
Vcc — Ver = 10 to 28 V, and Ta = —20 to +75°C, unless otherwise noted.) | 


item Symbol Pins Min. Max. Unit Condition Notes 
Input high voltage Vin 1 0.7xVeco Voc V 
Input low voltage Vit 1 0 0.3xVec V 
Output high voltage Vou 2 Veo 0.4 — V lon = —0.4 mA 
Output low voltage VoL 2 — 0.4 V lo. = 0.4mA 
Vi-Yj on resistance Ron 3 _— 2.0 kQ lon = 100 mA 1 
Input leakage current1 = Iy,, 1 -1.0 1.0 pA Vin = Voc to GND 
Input leakage current 2 lito 4 -25 25 HA  —s Vin = Veco to Veg 
Current consumption 1 IenD — — 100 pA fo. = 16.8 kHz 2 
fy = 35 Hz 
Veco = 3.0 V 
Veco — Veg = 28 V 
Current consumption 2 lee — — 250 pA Same as above 2 
‘Pins: 1. CL, M, SHL, DI, DISPOFF 
2. DO 
3. X1—-Xgo, V1, V5, V6 
4. V1, V5, V6 


Notes: 1. Indicates the resistance between one pin from X,—Xgo and another pin from V1, V5, V6, and 
Vee, when load current is applied to the X pin; defined under the following conditions. 


Voc - Veg= 28 V 
V1, V6 = Vog — {1/10(Vecg — Vee)} 
V5 = Veg + {1/10(Voc — Vee)} 


V1 and V6 should be near Vcc level, and V5 should be near Veg level (figure 7). All voltage 
must be within AV. AV is the range within which Roy, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Voc—V_ee (figure 8). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
_ from the power supply through the input circuit. To avoid this, Vy, and Vy must be held to Voc 
and GND levels, respectively. 


3. Applies to standby mode. 
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Figure 7 Relation between Driver Output Waveform and Level Voltages 


Level voltage range 





10 28 
Vcc-VEE (V) 





Figure 8 Relation between Vcc — Veg and AV 
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AC Characteristics for the HD66205F/HD66205TF (Voc =5 V+ 10%, GND = 0 V, and Ta = -20 to 
+75°C, unless otherwise noted.) 


Item | Symbol Pins Min. Max. Unit Note 


Clock cycle time toyc CL 10 _ ys 
Clock high-level width 1 towH CL 50 — ns 
Clock low-level width tow. CL 1.0 _ ys 
Clock rise time t, CL — 30 ns 
Clock fall time ts CL — 30 ns 
Data setup time tos DI, CL 100 — ns 
Data hold time tou Di, CL 100 — ns 
Data output delay time top DO, CL — 3.0 us 1 
Data output hold time toHw DO, CL 100 — ns 


AC Characteristics for the HD66205FL/HD66205TFL/HD66205T (Vcc = 2.7 to 5.5 V, GND = 0 V, 
and Ta = —20 to +75°C, unless otherwise noted.) 


Item ~ Symbol Pins Min. Max. Unit Note 
Clock cycle time toyc CL 10 —_— ys 

Clock high-level width 1 towH CL 80 — ns 

Clock low-level width towL CL 1.0 — ps 

Clock rise time t, CL — 30 ns 

Clock fall time ty CL — 30 ns 

Data setup time _ tos DI, CL 100 — ns 

Data hold time tou Di, CL 400 —_— ns 

Data output delay time top DO, CL —_ 7.0 ps 1 
Data output hold time toHw DO, CL 100 —_ ns 


Notes: 1. The load circuit shown in figure 9 is connected. 


test point Cas: 


ae 





Figure 9 Load Circuit 
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t tCWL ! 
0.7Vcc ; 


0.3Vcc 
tDH 


ee 
0.3Vcc 
0.2Vcc f= 





Figure 10 LCD Controller Interface Timing 
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HD66214T (Micro-TAB) 


(80-Channel Column Driver 


in Micro-TCP) 


Description 


The HD66214T, the column driver for a large 
liquid crystal graphic display, features as many as 
80 LCD outputs powered by 80 internal LCD 
drive circuits. This device latches 4-bit parallel 
data sent from an LCD controller, and generates 
LCD drive signals. In standby mode provided by 
its internal standby function, only one drive circuit 
operates, lowering power dissipation. The 
HD66214, packaged in an 8-mm-wide micro-tape 
carrier package (micro-TCP), enables a compact 
LCD system with a narrower frame (peripheral 
areas for LCD drivers) —about half as large as 


Features 


¢ Duty cycle: 1/64 to 1/240 
¢ High voltage 
— LCD drive: 10-28 V 
¢ High clock speed 
— 8 MHz max under 5-V operation 
(HD66214T) 
— 4 MHz max under 3-V operation 
(HD66214TL) 
¢ Display off function 
e Internal automatic chip enable signal generator 
e Various LCD controller interfaces 
— LCTC series: HD63645, HD64645, 


that os an existing system. The HD66214T is a HD64646 

low power dissipation device powered by 2.7-5.5 — LVIC series: HD66840, HD66841 

V suitable for battery-driven portable equipment — CLINE: HD66850 

such as notebook personal computers and palm- -¢ 98-—pin TCP 

top personal computers. | 

Ordering Information 

Type No. Voltage Range Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length 
HD66214TA1 2.7-5.5 V 0.15 mm 0.80 mm 3 sprocket holes 
HD66214TA2 2.7-5.5 V 0.18 mm ~ 0.80 mm 3 sprocket holes 
HD66214TA3 2.7-5.5 V 0.20 mm 0.80 mm 3 sprocket holes 
HD66214TA6 2.7-5.5 V 0.20 mm 0.45 mm 3 sprocket holes 
HD66214TASL 2.7-5.5V 0.22 mm 0.45 mm 2 sprocket holes 


Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 


. Device length includes test pad areas. 


35-mm-wide tape is used. 
. Leads are plated with Sn. 


NOOO fF WN 


. Spacing between two sprocket holes is 4.75 mm. 
. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 


. The details of TCP pattern are shown in" The Information of TCP. " 
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Pin Arrangement 


CL2 
CL1 


DISPOFF 
CAR 


Vec 


Top view 
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Pin Description 


Symbol Pin No. Pin Name Input/Output Classification 
Voc 1,12 Vec — Power supply 
GND 14 GND — Power supply 
Veg 15 Ver — Power supply 
v1 18 v1 Input Power supply 
V3 17 V3 Input Power supply 
V4 16 V4 Input | Power supply 
CL1 8 Clock 1 Input Control signal 
CL2 7 Clock 2 Input Control signal 
M 9 M Input Control signal 
Do-D3 3-6 Data 0—data 3 Input Control signal 
SHL 13 Shift left Input Control signal 
E 2 Enable Input Control signal 
CAR 11 Carry Output Control signal 
DISPOFF 10 Display off Input Control signal 
Y1-Yg0 19-98 Y1-Y80 Output LCD drive output 
724 HITACHI 


Pin Functions 
Power Supply 


Vcc: Vez, GND: Vcc-GND supplies power to the 
internal logic circuits. Vcc-VEE supplies power 
to the LCD drive circuits. 


V1, V3, V4: Supply different levels of power to 
drive the LCD. V1 and Vgg are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 


Control Signal 


CLI: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
Circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for the 4-bit 
latch circuit. The 4-bit latch circuit latches display 
data input via Dg—D3 at the falling edge of each 
CL2 pulse. 


HD66214T 


M: Changes LCD drive outputs to AC. 


Do—-D3: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 


SHL: Shifts the destinations of display data 
output. See figure 2. 


E: A low E enables the chip, and a high E disables 
the chip. 


CAR: Outputs the E signal to the next HD66214 if 
HD66214s are connected in cascade. 


DISPOFF: A low DISP sets LCD drive outputs 
Y,-Y¢go to V1 level. 


LCD Drive Output 


Y,-Ygo: Each Y outputs one of the four voltage 
levels V1, V3, V4, or Veg, depending on a 
combination of the M signal and display data 
levels. See figure 3. 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits _ 
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SHL = high 
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Y output level = V4 | V1 | V3 | 





Figure 3 Selection of LCD Drive Output Level 
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Block Functions 


Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit. 


4-Bit Latch Circuit 


The 4-bit latch circuit latches 4-bit parallel data 
input via the DO to D3 pins at the timing generated 
by the control circuit. , 


Line Data Latch Circuit 


The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 


Block Diagram 


HD66214T 


Level Shifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


LCD Drive Circuit 


The 80-bit LCD drive circuit generates four 
voltage levels V1, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 


LCD drive circuit 


canis "= ras 


DISPOFF 
CL1 


Level shifter 


Controller 
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Comparison of the HD66214 with the HD61104 


Item 

Clock speed 

Display off function 

LCD drive voltage range 


Relation between SHL and 
LCD output destinations 


Relation between LCD output 
levels, M, and data 


LCD drive V pins 


Storage temperature 


Package 


SHL = high 


HD66214 


HD66214 

8.0 MHz max. 
Provided 
10-28 V 

See figure 4 


See figure 5 


V1, V3, V4 


(V2 level is the same as VEE level) 


—40 to 125°C 


TCP (tape carrier package) 


HD61104 

3.5 MHz max. 
Not provided 
10-26 V 

See figure 4 


See figure 5 
V1, V2, V3, V4 


—55 to 125°C 
QFP (quad flat package) 


SHL = high 


HD61104 


Note the exact reverse relation for the two devices. 





Figure 4 Relation between SHL and LCD Output Destinations for the HD66214 and HD61104 
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Figure 5 Relation between LCD Output Levels, M, and Data for the HD66214 and HD61104 
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Application Example 





LCD panel of 640 x 240 dots; 
1/240 duty cyde 





Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 * R1 + R2) should be 1/15. ) 


2. To stabilize the power supply, place two 0.1-F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Voc and Ve pins. 
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Absolute Maximum Ratings 


Item Symbol Rating Unit Notes 
Power supply voltage for logic circuits Veco —0.3 to +7.0 V 1 
Power supply voltage for LCD drive circuits Ver Voc — 30.0 to Veco +03 V 

Input voltage 1 Vr4 —0.3 to Voc + 0.3 V 1,2 
Input voltage 2 Vro Veg—-0.3toVoo +03  V 1,3 
Operating temperature Vopr ~20 to +75 °C 


Storage temperature T stg —40 to +125 °C 
Notes: 1. The reference point is GND (0 V). 
2. Applies to pins CL1, CL2, M, SHL, E, Do-D3, DISPOFF. 
3. Applies to pins V1, V3, and V4. 
4 


. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 


Electrical Characteristics 


DC Characteristics for the HD66214T (Vcc = 5 V + 10%, GND = 0 V, Vcc — Vig = 10 to 28 V, and 
Ta = -20 to +75°C, unless otherwise noted.) 


Item Symbol Pins Min. Typ. Max. Unit Condition Notes 
Input high voltage Vin 1 07xVec — £Vec V 
Input low voltage Vit 1 0 — 0.3xVec V 
Output high voltage Vou 2 Veco -04 — — V lon = —0.4 mA 
Output low voltage VoL 2 — — 0.4 Vig, = 0.4mA 
Vi—Yj on resistance Ron 3 — — 40 kKQ lon = 100 pA. 1 
Input leakage current 1 Iny 1 -1.0 — 1.0 HA Vin = Voc to GND 
Input leakage current 2 lito 4 -25 — 25 WA Vin = Voc to Veg 
Current consumption 1 —lenp — _ — 3.0 mA fo_2 = 8.0 MHz 2 

: fo1 = 20 kHz 

Veco ~ Veg = 28 V 

Current consumption 2 lee _ = | 150 500 uA Sameasabove 2 
Current consumption 3 = Ist — — — 200 uA Same as above 2,3 


Pins and notes on next page. 
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DC Characteristics for the HD66214T (Vcc = 2.7 to 5.5 V, GND = 0 V, Vcc — Veg = 10 to 28 V, and 
Ta = —20 to +75°C, unless otherwise noted.) 





Item Symbol Pins Min. Max. Unit Condition Notes 
Input high voltage Vin 1 0.7xVoco Vec 
Input low voltage Vit 1 0 0.3xVoc V | 
Output high voltage Vou 2 Veco -04 — V lon = -0.4 mA 
Output low voltage Vo 2 _ 0.4 V lo, = 0.4mA 
Vi-Yj on resistance Ron 3 —_ 4.0 kQ lon = 100 pA 1 
input leakage current 1 hes 1 —1.0 1.0 pA Vin = Voc to GND 
Input leakage current 2 lito 4 ~25 25 pA Vin = Voc to Vee 
Current consumption 1 I6nD —_ _— 1.0 mA foie = 4.0 MHz 2 
fous = 16.8 kHz 
fu = 35 Hz 
Vec = 3.0 V 
Checker-board 
pattern 
Current consumption 2 lee _ — 500 pA Same as above 2 
Current consumption 3 Ist — — 50 pA Same as above 2,3 
Pins: 1. CL1, CL2, M, SHL, E, Do-Dz, DISPOFF 
2. CAR 
3. Y3~-Ygo, V1, V3, V4. 
4. Vi, V3, V4 


Notes: 1. Indicates the resistance between one pin from Y;—Ygo and another pin from V1, V3, V4, and 
Veg. when load current is applied to the Y pin; defined under the following conditions. 


Voc - GND = 28 V 
V1, V3 = Voc — {2/10(Voc — Veg)} 
V4= Veg + {2/1 0(Vec — Veg)} 


V1 and V3 should be near Vcc level, and V4 should be near Veg level (figure 6). All voltage 
must be within AV. AV is the range within which Ron, the LCD drive circuits’ output 
impedance, is stable. Note that AV depends on power supply voltage Vec—V_er (figure 7). 


2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vy, and Vy must be held to Voc 
and GND levels, respectively. 


3. Applies to standby mode. 
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Figure 6 Relation between Driver Output Waveform and Level Voltages 


Level voltage range 


10 28 
Voc-VEE (V) 





Figure 7 Relation between Vcc — Veg and AV 
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AC Characteristics for the HD66214T (Vcc = 5 V + 10%, GND = 0 V, and Ta = —20 to +75°C, unless 
otherwise noted.) | 


item Symbol Pins Min. Max. Unit Notes 


Clock cycle time teyc CL2 125 — ns 
Clock high-level width 1 towH CL1, CL2 45 — ns 
Clock low-level width tow. CL2 45 — ns 
Clock setup time tsc CL1, CL2 80 _— ns 
Clock hold time tucL CL1, CL2 80 — ns 
Clock rise time AL CL1, CL2 — *4 ns 1 
Clock fall time tt CL1, CL2 — “1 ns 1 
Data setup time tos Dp-D3, CL2 = 20 _ ns 
Data hold time tou Do—D3, CL2 20 _— ns 
Enable (E) setup time tesu E, CL2 30 — ns 
Carry (CAR) output delay time tcar CAR, CL2 — 80 ns 2 
M phase difference time tom M, CL2 — 300 ns 
CL1 cycle time tou CL1 tcyc x 50 — ns 


AC Characteristics for the HD66214T (Vcc = 2.7 to 5.5 V, GND = 0 V, and Ta = -20 to +75°C, unless 
otherwise noted.) 





Item Symbol Pins Min. Max. Unit Notes 
Clock cycle time teyc CL2 250 — ns 

Clock high-level width 1 town CL1, CL2 95 — ons 

Clock low-level width —towL CL2 95 — ns 

Clock setup time tsci — CLI, CL2 80 — ns 

Clock hold time tucL — CL1, CL2 120 — ns 

Clock rise time t, CL1, CL2 — *4 ons 1 
Clock fall time | ts CL1, CL2 — *] ns 1 
Data setup time tos Do—-D3, CL2 50 | — ns 
Dataholdtime — toH Do—D3, CL2 50 — ns 
Enable (E) setup time tesy —E,CL2 65 _ ns 

Carry (CAR) output delay time —tcar CAR, CL2 —_ 155 ns 2 
M phase difference time tom M, CL2 —_ 300 ns 

CL1 cycle time toL4 CL1 tcyc x 50 _ ns 


Notes: 1. t,, te <(tcyc — town — tew,)/2 and t,, ts < 50 ns 
2. The load circuit shown in figure 8 is connected. 
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Figure 8 Load Circuit 
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Figure 9 LCD Controller Interface Timing 
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(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 


Description 


The HD66224T is a column driver for dot matrix 
liquid crystal graphic display ststem. It has 80 
liquid crystal drive circuits and can drive large 
LCDs. The column driver latches parallel data for 
- display (4/8 bit parallel) from the controller, then 

_ generates a drive signal and selects the proper LCD 
drive voltage. A built-in standby function that 
allows all internal drivers except one to be placed 
in standby mode (IST) lowers device power 
consumption. The column driver package is a 7.5- 
mm wide ultra-small tape carrier package (TCP), 
allowing designs using half the frame area of 
conventional displays. 


The column driver can be used in a wide range of 
battery-powered designs because its logic power 
supply can operate with an input voltage ranging 
from 2.5 to 5.5 V. 


Ordering Information 


Features 


¢ Display duty cycle: 1/64 to 1/240 
Number of liquid crystal drive circuits: 80 
Parallel data transfer: 4/8 bits 


High voltage: Drive voltage 10-28 V (absolute 
maximum rating 30 V) 

High-speed operation: Maximum clock speed 8 
MHz (for 5 V) or 6.5 MHz (for 2.5 V) 

Logic power supply voltage: 2.5—5.5 V 

Built-in display off function 

¢ Built-in automatic generation function for chip- 
enable signal 

Built-in standby function 

¢ 107-pin TCP 





Type No. Data Input Input Format Outer Lead Pitch (im) 
HD66224TA1 4-bit input Straight 210 
HD66224TA2 4-bit input Straight 200 
HD66224TBO 8-bit input Straight 200 


Note: The details of TCP pattern are shown in “The Information of TCP.” 
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Internal Block Diagram 
Figure 1 is a block diagram of the HD66224T. 


Liquid-Crystal Drive Circuit 


The LCD drive circuit selects from four available 
voltage levels (V1, V3, V4, and VER) based on the 
combination of the data of latch circuit 2 and input 
to pin M. The circuit outputs the selected voltage to 
the LCDs. 


Level Shifter 


The level shifter circuit raises the voltage of the 
logic power-supply voltage to the level used for 
driving the LCDs. 


Latch Circuit 2. 
_ The 80-bit latch circuit 2 latches data from latch 


Vegl 
M 


Vec!, Vec2 —————_» 
GND —————_—> 


circuit 1 on the falling edge of clock CL1 and 
outputs the data to the level shifter circuit. 


Latch Circuit 1 

Latch circuit 1 consists of 4/8-bit parallel data 
latches that store input data Dy to D7 when signaled 
by the shift register. 

Control Circuit | 

The control circuit generates signals that fetch the 
data for input to latch circuit 1. 

Data Rearrange Circuit 


The data rearrange circuit performs left to right 
(SHL) inversion on data Do to Dz. 


Y; to Y80 


Liquid-crystal drive circuit — 


Level shifter 


Latch circuit (2) 


ia p | baton circuit (1) 


OREO en Ae an ES, 


Do to D7 Data rearrange Be 
circuit —_—SS_ 


SHL 
CL2 


EIO1 


Latch circuit (1) 


————SSSSs 


Control circuit 


EIO2 





Figure 1 Block Diagram 
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Pin Arrangement 


XS Va 


> 


Note: This illustration does not correspond to the external shape of the TCP package. 





Pin Description 





Table 1 Pin Description 





Type Symbol ine Pin Name I/O Function | 
Power Vcc 89 Vec1 — Vcec— GND: Connect to logic power supply. 
SUPPIY — Vog2 102 Vec2 Voc—- Vee: Connect to power supply for liquid-crystal 
GND 86 GND drive circuit. 
VegL = 107 VegL 
VeceR 81 VeeR 
VyL 104 Val I Liquid crystal drive level power supply 
V4R 84 V4R 
VaL 105 Val 
VaR 83 VR 
Val we | Nal V;, Veg: selected level 
VaR 82 VaR 


V3, V4: nonselected level 


The power supply should maintain the condition Vcc 2 V, > 
V3> V4> Veg. The L and R sides of V,,V3, and V, are 
separated within the device, so the potentials externally 
supplied to them must be identical. 
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Table 1 Pin Description (cont) 


Type Symbol oe Pin Name I/O Function 
Control CL1 92 Clock1 si Synchronizes the drive signal that latches display data into 
signal latch circuit 2. | 
CL2 93 Clock2 | Synchronizes the drive signal that latches display data into 
latch circuit 1. 
M 91 M | Converts the liquid crystal drive output to AC. 
D —D7 94to 101 Data0-7 | Display Data LCD Drive Output LCD 
High Selected level On 
| Low Nonselected level Off 
SHL 88 Shift left | Inverts the data output destination. 


4-bit input mode: 
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Table 1 Pin Description (cont) 





Pin | 
Type Symbol Number Pin Name I/O Function 
Control DISPORF 90 Display off | | When the liquid crystal output nonselected level control input 
Signal pin drives DISPOFF low, the liquid crystal drive output (Y, to 
(cont) Yao) is set to the V1 level. 
EO1 103 Enable W/O I/Opins for chip selection. Input/output is controlled by SHL 
VO 1 input. 
~bIO2 85 Enable 
VO 2 SHL Enable I/O 1 Enable I/O 2 
0 Output Input 
1 Input Output 
When the enable input signal goes low, data fetch begins. 
When all data has been fetched, the enable output changes 
from high to low and the next stage IC starts up. 
BS 87 Bus select | Switches the number of input bits for the display data. When 


high, places the device in 8-bit input mode; when low, 
changes the device to the 4-bit input mode. 


Liquid Y;,toYg. 1to80 Y;toYgq O Outputs one of the four voltage levels V;, V3, V4, or Veg, 





crystal based on the combination of the M signal and the display 
drive | data. 
output | ACsignalM —_J 7 L_o f- 
Display data _j 1LOJj1 LO 
Output level 


Vee V4 Vy V3 


Note: 0 and low levels indicate ground level. High levels indicate Vcc level. 
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Sample Application 


Figure 2 shows an example of an LCD panel 
comprised of 640 x 200 dots, using the HD66224T. 
The recommended common driver is HD66215. 
For 640 x 400 dots, extend the configuration shown 
to configure two screens. 


R1 and R2 differ depending on the LCD panel 
used. For a 1/15 bias, for example, R1 = 3 kQ and 
R2 = 33kQ are used so that R1(4R1 + R2) = 1/15. 


When designing a board locate bypass capacitors as 
close to each device as possible, to stabilize the 
power supply. We recommend that two capacitors 
(of about 0.1 pF) be used with each HD66224T. 
One capacitor should be connected between Vcc 
and GND, and one between Vcc and Vrp. © 
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Figure 2 Application Example 
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Absolute Maximum Ratings 


Parameters Symbo! Rating Unit Notes 
“Power supply voltage Logiccircut | | Vog —O.3t0+70 Vt 
Liquid crystal drive circuit Veg Veco — 30.0 to Veg + 0.3 
Input voltage (1) | V4 -0.3 to Veco + 0.3 V *1,*2 
Input voltage (2) Vo Veg — 0.3 to Veco + 0.3 V is aa 
Operating temperature Topr —20 to + 75 °C 
Storage temperature T stg —40 to +125 °C 


Notes: 1. Indicates the potential from GND. 
2. Applies to the CL1, CL2, M, SHL, BHO1, BO2, Dp to Dz, and DISPOFF pins. 
3. Applies to the V;, V3, and V, pins. 


4. When a device is used outside of the absolute maximum ratings, it may suffer permanent 
damage. Exceeding the limits may cause malfunctions and have negative effects on device 
reliability. We recommend that device operating parameters be kept within these limits. 


Electrical Characteristics 


Table 2. DC Characteristics (1) (Unless otherwise specified, Vcc = 5 V + 10%, GND = 0 V, 
Vec— Ver = 10 to 28 V, Tg = —20 to +75°C) 


Measurement 

Parameter Symbol Pin Min Typ Max Unit Conditions Notes 
Input high = Vy CL1,CL2,M, 08xVeo — Vec V 
level voltage — SHL, Do to D7 | | 
Input low Vit BO1, HO2, 0 — 0.2xVoc V 
level voltage DISPOF-, BS 
Output high Voy HO1, E102 Vec-04 —- — V lon =-0.4 mA 
level voltage : 
Output low VoL 801, HO2 —_ — 0.4 V lo, = 0.4 mA 
level voltage | 
Resistance Ron -Y; to Yeo, Vi, — 06 1.5 — kQ Ion = 100 pA "1; °2 
between Vi | V3, V4 
and Yj 
Input hes CL1,CL2,M, -1.0 — 1.0 pA Vin = Vec to GND 
leakage SHL, DO to D7, : 
current 1 HO, HO2, 

| OISPOF-,, BS 
Input lie V1, V3, Ve —25 ~— 25 HA Vin = Voc to Veg 
leakage 
current 2 
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Table 2 DC Characteristics (1) (cont) 


| Measurement 
Parameter Symbol Pin Min Typ Max Unit Conditions Notes 
Current IGND — — — 3.0 mA foto = 8.0 MHz 3 
consumption 1 fot, = 20 kHz 
Current lee — — 150 500 pA Veco~ Vee =28V 


consumption 2 


Current Ist — — — 200 pA *3, °4 
consumption 3 


Notes: 1. This is the resistance value between the Y pin and V pin (V;, V3, V4, or Veg) when a load current 
flows to one of the pins Y,; to Ygo. Set with the following conditions: 
Voc — Vege = 28 V 
V1, V3 = Vec — 2/10(Vec — Vee) 
V4 = Veg + 2/10(Vec — Vee) 

2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near Vcc is 
supplied to V, and V3. A voltage near Veg is supplied to V4. Use within the range of AV for each. 
These ranges should be set so that the impedance ROM of the driver output obtained is stable. 
Note also that AV depends on the power supply voltage (Vcc — Veg). See figure 3. 

3. Excluding the current flowing to the input area and output area. When the driver uses an 
intermediate level for input, a through current flows to the input circuit and the power supply 
current increases, so be sure that Viy = Vcc and V), = GND. 


4. Current during standby. 





Voc — Ver (V) 





Figure 3 Relationship between Driver Output Waveform and Level Voltages 
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Table 3 DC Characteristics (2) (Unless otherwise specified, Vcc = 2.5 to 4.5 V + 10%, GND =0 V, 
Voec—Veg = 10-28 V, Ta = -20 to +75°C) 
Measurement 
Parameter Symbol Pin | Min Typ Max Unit Conditions 
Input high level Vin CL1, CL2, M, 0.8xVeo — Voc V — 
voltage SHL, Do to Dz 
Input low level voltage Vj, EOI, HO2, 0 — 02xVoec V — 
DISPOFF, BS 
Output high level Vou FIO1, EIO2 Vec-04 — — V lon = -0.4 mA 
voltage 
Output low level Vo. . HOI, HO2 — — 0.4 V lo, = 0.4 MA 
voltage 
Resistance between Ron Y,; to Ygo, V1, V3, — 06 1.5 kQ = lon = 100 pA 
V; and yj "2 V4 
Input leakage les CL1,CL2,M,  -1.0 — 1.0 uA Vin = Voc to GND 
current 1 SHL, Do to Dy, : 
EO1, E02, 
DISPOR-, BS | 
Input leakage lL Vi, V3, Va -25 — 2 HA Vin = Voc to Veg 
current 2 | 
Current IGnD — — — 1.5 MA foro = 6.5 MHz © 
consumption 1°3 fot; = 16.8 kHz 
Current fm = 35 Hz 
consumption 2 lee — — — 500 pA Vcc=3.0V 
Oe Ge ee a ee ee ee ene CO = VEE eo V 
Current 
consumption 33: "4 Igy — — — 50 pA 
Notes: 1. This is the resistance value between the Y pin and V pin (V;, V3, V4, or Veg) when a load current 
flows to one of the pins Y, to Ygo. Set with the following conditions: 
Voc — Vee = 28 V: 
Vi, V3 = Voc — 2/10(Vec — Vee) 
V4 = Veg + 2/10(Vec — Vee) 

2. Describes the voltage range for the liquid-crystal drive level power supply. A voltage near Vcc is 
supplied to V, and V3. A voltage near Veg is supplied to V4. Use within the range of AV for each. 
These ranges should be set so that the impedance ROM of the driver output obtained is stable. 
Note also that AV depends on the power supply voltage (Vcc — Veg). See figure 3. 

3. Excluding the current flowing to the input area and output area. When the driver uses an 
intermediate level for input, a through current flows to the input circuit and the power supply 
current increases, so be sure that Vi, = Voc and Vy,_ = GND. 

4. Current during standby. 
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Table 4 AC Characteristics (1) (Unless otherwise specified, Vcc = 5.0 V 10%, GND = 0 V, 
Tag = —20 to +75 °C) . 





Parameter Symbol Pin Min Max Unit 
Clock cycle time | tcyc CL2 125 — ns 
Clock high level width 2 towH2 45 

Clock low level width 2 towL2 

Data setup time tps Do to D7, CL2 30 

Data hold time tou 

Clock high level width 1 towH1 CL1 45 

CL2 rise to CL1 rise tLp CL1, CL2 30 

CL2 fall to CL1 fall tsc 45 

CL1 rise to CL2 rise tis 

CL1 fall to CL2 fall tucL 

Input signal rise time ! t, — 50 

Input signal fall time’! ty 





Table 5 AC Characteristics (2) (Unless otherwise specified, Vcc = 2.5 V to 4.5 V, GND = 0 V, 
Tg =—20 to +75 °C) 


Parameter Symbol Pin Min Max Unit 





Clock cycle time 2 tcvc CL2 . 152 — ns 
Clock high level width 2 towH2 | 65 

Clock low level width 2 towL2 

Data setup time tps Do to D7, CL2 50 

Data hold time tpH 40 

Clock high level width 1 towH1 CL1 65 

CL2 rise to CL1 rise tLp CL1, CL2 20 

CL2 fall to CL1 fall tsci 65 

CL1 rise to CL2 rise. tis 

CL1 fall to CL2 fall tucL 


Input signal rise time ' t, a 50 

Input signal fall time ty — 50 

Notes (tables 4and5): 1. This is the resistance value between the Y pin and V pin (Vj, V3, V4, or Vee) 
when a load current flows to one of the pins Y; to Ygo. Set with the following 
conditions: 
Voc— Ver = 28V 
V1, V3 = Voc — 2/10(Vcc — Vee) 
V4 = Veg + 2/10(Voc — Vee) 

2. t,, tes 11ns 
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AC Characteristic Test Waveforms 


Figure 4 shows test point loading and test 
waveforms. Connect test points through a 15-pF 
Capacitor to ground, as shown at the top of figure 4. 


BS = GND (4-Bit Fetch Mode) 


When the data fetch operation enable signal goes 
low (with SHL = GND and EIO2 = GND), data 
standby is cleared. On the next rising edge of clock 
CL2, the standby is cleared. Figure 5 shows timing 
for 4-bit fetch mode operation. When CL2 falls, the 
first 4-bit data fetch is performed. The 4-bit fetches 
continue on each subsequent falling edge of CL2 
until 76 bits have been fetched. The enable signal 
(when SHL = GND, EIO1) then goes to GND 


level. When 80 bits have been fetched, fetch is 


automatically halted (standby). If the EIOT pin is 


connected to the EIO2 pin of the next stage, the 


next device will begin 4-bit fetch operation. 


The data output changes when CL1 falls. The 
output destination for the fetched data when SHL = 
GND is output pin Ygo for dj, and Y for dgo. 


When SHL = Veg, the destinations are reversed; 
dgo is output to Ygo and dj is output to Y;. The 
output level (V; through V4) is actually selected by 
the combination of the display data and AC signal 
M. 


Test point eas 
| a 15 pF 


towH1 


Clock 1 0.8 Voc 


tip 


0.8 Voc 
0.2 Voc 


tos 


ty 


Data 0 to 7 ( 


0.2 Vcc 


ts ty < 


a 


toH 


0.8 Vcc Final data 


0.2 Voc 


tHCL 


_Pevaan 


tovc — towne — tewr2 
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Figure 4 AC Characteristic Waveforms 
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ar es ceed ater 


IC (No. 1) data 


Fetch period for IC (No. 4) data 


Figure 5 Operation Timing (4-Bit Fetch Mode) 
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HD66224T 


BS = Vcc (8-Bit Fetch Mode) 


The 8-bit data fetch basic functions are the same as | 
in the 4-bit fetch mode. Figure 6 shows timing for 
8-bit fetch mode operation. 
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Figure 6 Operation Timing (8-Bit Fetch Mode) 
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HD66215T — 


(Common Driver for a Dot Matrix Liquid 
Crystal Graphic Display with 100-Channel Outputs) 


Description 


The HD66215T is a common driver for a large dot 
matrix liquid crystal graphic display (LCD). The 
driver’s 100 channels can be divided into two 
groups of 50 channels by selecting data input/ 
output pins. Outputs X; to Xjq and X91 to Xjo9 Can 
be disabled by mode selection. Unused output pins 
can be equally distributed above and below the 
pins used for the LCD panel so that the panel can 
be neatly centered on the LCD board. A 101- 
channel output mode can also be selected for an 
application to various display panels. The driver is 
powered by about 3 V, making it suitable for 
battery-driven portable equipment featuring the 
low power dissipation of liquid crystal elements. 


The HD6621ST, packaged in a micro-tape carrier 
package (micro-TCP), allows design of a compact 
LCD system with a frame (an area peripheral to the 
LCD panel) about half the width of conventional 
systems. 


Ordering Information 


Features 


¢ Duty cycle: About 1/64 to 1/240 
e« 100 internal LCD drive circuits (101-channel 
mode can be selected for a 101-output version) 


¢ High output voltage for driving the LCD: 


10-28 V 

Output division function (50 x 2-output) 

10-output through modes 

101-output mode 

Display off function 

Internal 100-bit shift register 

Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 

¢ Micro-TCP with 3-sprocket-hole width 

e Operating voltage: 2.5—-5.5 V 





Type No. Outer Lead Pitch 1 Outer Lead Pitch 2 Device Length 

HD66215TAO 023mm | 1.20 mm 3 sprocket holes 
HD66215TA1 0.22 mm 1.00 mm 3 sprocket holes 
HD66215TA2 0.18 mm 0.85 mm 3 sprocket holes 


Notes: 1. Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 
. Device length includes test pad areas. 

. Spacing between two sprocket holes is 4.75 mm. 

. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 

35-mm-wide tape is used. 

. Leads are plated with Sn. 

. The details of TCP pattern are shown in “The Information of TCP.” 


NOOR WN 


HITACHI | 75) 





HD66215T 





Tape Carrier Package 


OOOOOOOUOOOOOOUOOO0D 


0 
x, (1 


nc 3 


ears 


Mii © 


SEO RR ORS 
SAIC OS OIE 


EAS 
BANS 


7 NI co 
ICPSR AES PRES ey IN ee Sia 
SAPO et NR aA RON 


ee 
Ps 
Beas 

RR OE OR eS 


SENS 


Se 





CO). OE) Oe EE De Oe) 


O 
OJ 
CJ 
[1 X100 





Pin Arrangement 
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Pin Description 


Symbol 
Voc 

GND 

ViL V;R 
Vel, VeR 
VeL, VeR 
VeeL, VeeR 
CL 


SHUR 
DIO1 


DIo2 


DIO3 

DIO4 

DISPOFF 
MODE1, MODE2 
X1-X100 


Pin No. 
a 

12 

1, 20 
2,19 
3,18 
4,17 


Pin Name 
Voc 

GND 

V,L, V,R 
Vel, VeR 
VeL, VsR 
VeeL, VeeR 
Clock 

M 

Shift left/right 
Data 


Display off 
Mode1, Mode2 
X;—X400 
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Input/Output 


Input 


Input/output 


Input 


Output 
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Classification 
Power supply 


Control signal 


LCD drive output 
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Pin Functions 
Power Supply 


Vcc, GND: Supply power to the internal logic 
circuits. | 

V,L, ViR, VsL, VsR, V6L, VR, VerL, VerR: 
Supply different levels of power to drive the LCD. 


V, and Vgg are selected levels, and V5 and V¢ are 
non-selected levels. See figure 1. 


Control Signals 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts data input via the DIO pins. 


M: Changes LCD drive outputs to AC. 


SHL/R: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 


DIO1-DIO4: Input or output data. DIO1 and 


Table 1 Selection of LCD Output 


MODE1 MODE2 
0 0 


0 1 
1 0 
1 1 


101-output 


DIO2 are data input/output pins for X;—Xs5o, and 
DIO3 and DIO4 are input/output pins for X5;—Xj09 
(X101) in 50 x 2-output modes. In a 100-output 
mode, DIO2 and DIO3 must be short-circuited, and 
DIO1 and DIO4 are used as data input/output pins. 


DISPOFF: Controls LCD output level. A low 
DISPOFF sets LCD drive outputs X;—Xj99 (X01) 
to V; level. 


MODE1, MODE2; Select an LCD output mode 
(table 1). In 10-output through modes, ten unused 
output pins are made invalid. These ten pins must 
be open in these modes since they output M 
signals. | 


LCD Drive Outputs 


X4—-X4099: Each X outputs one of the four voltage 
levels, V,}, V5, Ve, Or Veg, depending on a 
combination of the M signal and data levels. See 
figure 3. 


Selected Mode 
Normal (100-output) 
10-output through §=(X;—X4o) 


(X91—-X100) 





Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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HD66215T 


Data shift direction and common 
ala = on signal scan direction 


In 100 x 1-output mode 


In 50 x 2-output mode 


X; —> Xe 
X51 —~ X100 


In 100 x 1-output mode 


X100 —> X 
Se 


In 50 x 2-output mode 


Xsq —> Xy 
X100 —> X51 


For 10-output through modes and 101-output mode, see Selection of Data Shift Direction 
and Common Signal Scan Direction by SHL/R and DIO Pins in Each Mode. 





Figure 2 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in Normal Mode (100-Output Mode) 


X output level 





Figure 3 Selection of LCD Drive Output Level 
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Block Diagram 


X101 — X100-Xo1 Xoo-Xs51 
VyL LCD drive 


circuit § 10} 0p 


LCD drive LCD drive 
circuit 2 circuit 1 


I Level shifter 4 Level shifter 3 Level shifter 1 


Level shifter 5 


Shift register 5 


DIO1 
DIO2 


= Logic 2 ha Shift register 4 || Shift register 3 Shift register 2 || Shift register 1 
one | Fea — Fr 
Bl Py 


t= 


MODE1 
MODE2 
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Block Functions 
~ LCD Drive Circuits 


The 100-bit LCD drive circuits generate four 
voltage levels, V;, V5, Ve, and Veg, which drive 
an LCD panel. One of the four levels is output to 
the corresponding X pin, depending on a 
combination of the M signal and the data in the 
shift register. 


Level Shifters 


The level shifters change logic control signals 
(2.5—-5.5 V) into high-voltage signals for the LCD 
drive circuit. 


HD66215T 


Shift Registers 


The 100-bit shift registers shift data input via the 
DIO pin by one bit. The bit that is shifted out is 
output from the DIO pin to the next driver IC. Both 
shifting and output occur simultaneously at the 
falling edge of each shift clock (CL) pulse. The 
SHL/R pin selects the data shift direction. 


Logic 3 


Logic 3 selects which shift register operates depend- 
ing on the settings of MODE1 and MODE2. 
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Data Shift and Common Signal Scan 
Direction 


Figure 4~—7 show the data shift direction and and DIO pins in each mode. 
common signal scan direction selected by SHL/R 


Data shift direction and common 
signal scan direction 


In 100 x 1-output mode 


: X,—>X 
wt | epee [OM] Kaen 
Low in 


In 50 x 2-output mode 


Keke, 
X51—> X100 


In 100 x 1-output mode 


Xin9 —> X: , 
ovet| pede |] Hw 


| In 50 x 2-output mode 
XE —— X; 
X100 —> Xs1 


Figure 4 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO Pins in 100-Output Mode (MODE1 = 0 and MODE2 = 0) 
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HD66215T 


_ Data shift direction and common 
signal scan direction 


In 90-output mode 


1 | syercenes [OAM 


In 90-output mode 


X109 —> X 
a 


In 40- and 50-output mode 


X50 —> X44 
X100 —> Xs1 


Figure 5 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R 
and DIO pins in 10-Output (X,—Xj9) Through Mode 
(MODE! = 0 and MODE 2 = 1) 
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Data shift direction and common 
signal scan direction 


In 90-output mode 


| X,—>X 
wo | spores [| He 


In 50- and 40-output mode ; 
X; —> Xep 
X51—> Xgq 

In 90-output mode 


—>X 
wnt wads || 


In 50- and 40-output mode 
Xs9 —e X; 
X99 —> X54 


Figure 6 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 10-Output (X9;—X 199) Through Mode 
(MODE1 = 1 and MODE2 = 0) 
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HD66215T 






Data shift direction and common 
signal scan direction 


__ 20 || |e 


In 101-output mode 7 


I X,—>X 
a 
ON [nso and St-ouputmode 


In 50- and 51-output mode 


X; —— X50 
X51—> X404 


In 101-output mode 


X101-—> X 
ow epocdeane | P| HH 


In 50- and 51-output mode 


Xe ——> Xy 
X101—> X51 


In 101-output mode, any 10-output through mode cannot be used. 





















Figure 7 Selection of Data Shift Direction and Common Signal Scan Direction by SHL/R and 
DIO Pins in 101-Output Mode (MODEI = 1 and MODE2 = 1) 
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Application Examples 












LCD panel of 640 x 400 dots; 
1/200 duty cycle 






MODE! 






Veo : 
2. =) = 
enolase 23s sxsHds 


[ES SS 








LCD consoller 


Notes: 1. The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, R1 
and R2 must be 3 kQ and 33 kQ, respectively. That is, R1/(4:R1 + R2) should be 1/15. 


2. To stabilize the power supply, place two 0.1-yF capacitors near each LCD driver: one between the Vo, and GND pins, and 
the other between the Voc and Veg pins. 


Figure 8 LCD Panel of 640 x 400 Dots, 1/200 Duty Cycle 
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X:-X19 (data through) 





LCD panel of 640 x 480 dots; 
1/240 duty cycle 








Xor-Xr00 (data thr ough) 





Notes: 1. The resistances of R1 and R2 depend on the type of LCD panel used. For example, for an LCD panel with a 1/15 bias, R1 


and R2 must be 3 kQ and 33 kQ, respectively. That is, R1/(4-R1 + R2) should be 1/15. 
2. To stabilize the power supply, place two 0.1-wF capacitors near each LCD driver: one between the Veg and GND pins, and 


the other between the Voc and Veg pins. 


Figure 9 LCD Panel of 640 x 480 Dots, 1/240 Duty Cycle 
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From 
LCD 
controlier 


HD66215T (1) 


HD66215T (2) 


eo —ddue 


X100 


(COM100) —i(sé«‘@*dCS 


DIO (output) 


X101 


(COM101) Vel Vs 


X02 


(COM102) Vel Vs 


X200 
(COM200) ~—-Ve|V2 Vs___ 


_ TL... 


JUL 





Figure 10 Operational Timing in Normal Mode (100-Output Mode, 1/200 Duty Cycle) . 
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HD66215T Connection Examples 


Figure 11 shows an example of an HD66215T 
driving a 480-line LCD panel with a 1/240 to 1/250 
duty cycle. Here, selecting MODE1 and MODE2 
disables outputs X;—Xj9 of driver IC1 and outputs 
Xo1—X 100 of driver ICS. As a result, unused driver 
output pins can be equally distributed above and 
below the pins used for the LCD panel so that the 
panel can be neatly centered on the LCD board. In 


HD66215T 


addition, since the 100 channels of the driver can 


be divided into two groups of SO channels by 
selecting data input/output pins, data input is 
divided at the center of the panel (IC3). 


Figure 12 shows an example of an HD66215T 
driving a 400-line LCD panel with a 1/200 to 1/210 
duty cycle. 
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HD66215T 


SHUR is low 
LCD panel 


X (not output) 


Line 90 


Line 91 


Line 190 


Line 191 


Upper panel display 
“Qe Division 
Lower panel display 


Line 240 
Line 50 


Line 51 


Line 150 


Line 151 


Line 240 





Figure 11 Connection Example for 480-Line LCD Panel with a 1/240-1/250 Duty Cycle 
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HD66215T 


SHUR is low 
_LCD panel 


Line 100 


Line 101 


Line 200 Upper panel display 


mem meen nena cee we mewn ccnne <E 
Lower panel display 





Line 100 


Line 101 


Line 200 


es 
8 





Figure 12 Connection Example for 400-Line LCD Panel with a 1/200—1/210 Duty Cycle 
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HD66215T 


Absolute Maximum Ratings 





Item , Symbol Rating Unit Note 

Power supply voltage Voc —0.3 to +7.0 V 2 

for logic circuits 

Power supply voltage VEE Voc — 30.0 to Veg + 0.3 

for LCD drive circuits | 

Input voltage 1 | Vr4 | —0.3 to Voc + 0.3 2,3 
2 Vre Veg — 0.3 to Veg + 0.3 2,4 

_ Operating temperature Topr ~20 to +75 °C 
Storage temperature | Tst —40 to +125 


Notes: 1. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunction or 
unreliability. 3 , : 
. The reference point is GND (0 V). 
. Applies to pins CL, M, SHL/R, DIO1—D1O4 (input), DISPOFF. 
. Applies to pins V,, Vs, and Vg. 
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HD66215T 


Electrical Characteristics 


DC Characteristics (Vcc = 2.5 to 5.5 V, GND = 0 V, and T, =-20 to +75°C, unless otherwise noted) 





Item Symbol Pins Min Typ Max Unit Condition Note 
Input high voltage Vin 1 0.7xVoo — £4Vec V 
Input low voltage | Vi 1 0 —_— 0.3 x Veco 
Output high voltage Vou 2 Vec-04 —- — lon = -0.4 mA 
Output low voltage VoL 2 — = 0.4 lo, = 0.4 mA 
Vi-Xj on resistance Ron 3 — 0.5 1.0 kQ Ioyn=100pA 3s 1 
Input leakage current 1 lhe 4 ~1.0 _ 1.0 HA Vin = Vec to GND 
2 le 5 —25 — 25 Vin = Voc to Veg 
| 3 lis 2 -5.0 — — 5.0 Vin = Veco to GND 
Current consumption (5 V) Ignp ee hae — 100 fo, = 19.2 kHz 2 
lee _-_ - — 250 Vec ~ Veg = 28 V 
| fein = 80 Hz 
Vec-GND=5V 
(3 V) lenp Seo) Se — 50 fo, = 19.2 kHz 2 
lee _ — — 250 Vec— Veg = 28 V 
fetm = 80 Hz 
Vec- GND #3 V 
Pins: 1. CL, M, SHL/R, DISPOFF, DIO1-D1IO4 (input) 


1 

2. DIO1—DIO4 (input) 

3. Xy~Xi99, Vy, Vs, Ve 

4. CL, M, SHL/R, MODE1, MODE2, DISPOFF 
5. V;, Vs, Ve 


Notes: 1. Indicates the resistance between one pin from X;—X499 and another pin from V,, Vs, Vg, and — 
Veg, when load current is applied to the X pin. Defined under the following conditions: 


Veco — Veg = 28 V 

V4» Ve = Voc - {1/10 (Vee —Vee)} 

Vs = Veg + {1/10 (Voc —Vee)} | 

V, and Vg should be near Voc level, and Vs should be near Veg level (figure 4). All voltage must 


be within A V. A V is the range within which Roy, the LCD drive circuits’ output impedance, is 
stable. Note that A V depends on power supply voltages Voc — Veg (figure 5). 


2. Excludes input and output current. When a CMOS input is floating, excess current flows from the 
power supply through the input circuit. To avoid this, Vy, and Vy. must be held to Yec and GND 
levels, respectively. 
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Figure 13 Relation between Driver Output Waveform and Level Voltages 


Level voltage range 


10 28 
Voc — Vee (V) 





Figure 14 Relation between Vcc — Veg and A V 
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AC Characteristics (Vcc = 2.5 to 5.5 V, GND = 0 V, and T, 


Item 

Clock cycle time 

Clock high-level width 
Clock low-level width 
Clock rise time 

Clock fall time 

Data setup time 

Data hold time 

Data output delay time* 
Data output hold time 


Symbol Pins 


tevc CL 

towH 

towL 

t 

t 

tos DiO1—Di0O4, CL 
tou 

top 

toHw 


Note: * The load circuit is shown in figure 15 is connected. 





DIO1-DIO4 
(input) 


DIO1—DIO4 
(output) 


Test point ora eal 


rr 


HD66215T 


—20 to +75°C, unless otherwise noted) 


Min 
10 
65 
1.0 


100 


100 


Figure 15 Load Circuit 


0.3Vcc 
0.75Ve¢ x 
0.25Voc 


Figure 16 LCD Controller Interface Timing 
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Max 


50 


Unit 
us 
ns 


ps 
ns 


ws 
ns 
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H D661 OG6F 
(LCD Driver for High Voltage) 


Description Pin Arrangement 


The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 


It includes 80 LCD drive circuits and can drive at up 
to 1/480 duty cycle. For example, only 14 drivers 
are enough to drive an LCD panel of 640 < 480 dots. 
It also easily interfaces with various LCD control- 
lers because of its internal automatic chip enable 
signal generator. 


Using this LSI sharply lowers the cost of an LCD 
system. 


Features 


¢ Column and row driver 

* 80 LCD drive circuits 

- Multiplexing duty ratios: 1/100 to 1/480 

- 4-bit parallel data transfer 

e Internal automatic chip enable signal generator 

¢ Internal standby function 

¢ Recommended LCD controller LSIs: 
HD63645F and HD64645F (LCTC) 

- Power supply: +5 V + 10% for the internal logic, 
and 14.0 V to 37.0 V for LCD drive circuits 

- Operation frequency: 6.0 MHz (max.) 

¢ CMOS process 


(Top view) 





Ordering Iuformation 


Typ No. | Package 
a 
HD66106FS | 100-Pin Plastic QFP 

(FP-100A) 
HD66106D Chip 
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Pin Description 


Power supply 


Vec, GND: Vcc supplies power to the internal 
logic circuit. GND is the logic and drive ground. 


Vucp: Vicp supplies power to the LCD drive cir- 
cuit. 


Vi, Vo, Vs, and V4: Vi-V4 supply power for driving 
LCD (figure 1). 


HD66106F 


Control signals 


CL1: The LSI latches data at the negative edge of 
CL1 when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 


CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 
edge when it is used as a row driver. 


M: M changes LCD drive outputs to AC. 
D)-D3: Do-D3 input display data for the column 
driver (table 2). 


Table 1 Pin Function 


Pin Name a 1/O 








Symbol Pin No. 
Vec 49 ; Vec | 
GND 37° Ground I 
Vicp 31, 36 Vico | 
V; 32 LCD voltage 1 | 
V, 33 V, LCD voltage 2 | 
V3 34 V, LCD voltage 3 | 
V, 35 V, LCD voltage 4 | 
CL1 | 38 Clock 1 I 
“CL2..—i‘(‘ W”!”!”~”~:C« Clock 2 
MO RN 
D,-D,; ; 46-43 Data 0 to data 3 | 
SHL 39 Shift left | 
E 47 Enable | 
CAR 48 Carry O 
CH1 41 Channel 1 l 
Yi-¥s0 30-1, 100-51 Drive outputs 1-80 O 
NC 50 No connection . - 





Table 2 Relation between Display Data and 


LCD State 
Display Data LCD Outputs LCD 
1 (= high level) Selected level On 
0 (= low level) Nonselected level Off. 


V,, V,: Selected level 
V,, V,: Nonselected level 





Figure 1 Power Supply for Driving LCD 
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SHL: SHL controls the shift direction of display 
data and line select data (figure 2, table 3). 


E: E inputs the enable signal when the LSI is used 
as a column driver (CH1 = Vcc). The LSI is dis- 
abled when E is high and enabled when low. E in- 
puts scan data when the LSI is used as a row driver 
(CH1 = GND). When HD66106Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 


CAR: CAR outputs the enable signal when the 


LSI is used as a column driver (CH1 = Vcc). CAR 
outputs scan data when the LSI is used as a row 
driver (CH1 = GND). When HD66106Fs are con- 
nected in cascade, CAR connects with E of the next 
LSI. 


CH1: CHI selects the driver function. The chip 
drives columns when CH1 = Vcc, and rows when 
CH1 = GND. | 


Y;-Ygo: Each Y outputs one of the four voltage 
levels—V,, V2, V3, or Vq4—according to the com- 
bination of M and display data (figure 3). 


NC: NC is not used. Do not connect any wire. 





Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a Row Driver) 


SHL Shift Direction of Shift Register Scan Direction of Selected Line 
Voc Ee -—-1 +2 SRG sasccttjeasenss +80 A A Peer An 
GND E 7-80 +79 + 78--------+----- +1 Yeo 7 Va9 7 YVo5 cocerecseeseee eee ees —+Y, 


PHONO FINO 
{alalal ala aL ala 


2nd data Ist data 


eee 


When SHL = Vcc 


Y output level JY} Ys Ve a Me 


- When Used as a Column Driver 


Y output level SESS DEE SEES ERA 


When Used as a Row Driver 





Figure 3 Selection of LCD Drive Output Level 
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Internal Block Diagram 


LCD Drive Circuits 


The HD66106F (figure 4) begins latching data when 
E goes low, which enables the data latching opera- 
tion. It latches 4 bits of data simultaneously at the 
fall of CL2 and stops automatically (= standby 
state) when it has latched 80 bits. 


Latch Circuit 2 


When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit 1 at the 
fall of CL1 and transfers its outputs to the LCD 
drive circuits. 


When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = Vcc, the data shifts from bit 1 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit .1. 





HD66106F 


Latch Circuit 1 


Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data Dp-D3 at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter- 
mine which 4-bit latch should latch the data. 


Selector 


The selector is composed of a 5S-bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1, incrementing the counter at 
the negative edge of CL2. 


Controller 


The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. . 


Yn Yr Yn Yoo 


og =————bon LCD drive circuits afi 


80-bit latch circuit and bidirectional ala 
shift register (Latch circuit 2) 


ey © EX YY YY Se 


Figure 4 Block Diagram 
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Functional Description 


When Used as a Column Driver 


The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically (= standby state) 
when it has latched 80 bits. 


When SHL = GND 





Data outputs change at the fall of CL1. Latched 
data d, is transferred to the output pin Y, and 
dgo to Ygo9 when SHL = GND. Conversely, dgo is 
transferred to Y,; and d, to Ygg when SHL = Vcc. 
The output level is selected out of V,-V4 accord- 
ing to the combination of display data and the 
alternating signal M (figure 5). 


| | Figure 5 Column Driver Timing Chart 
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When Used as a Row Driver 


The HD66106F shifts the line scan data sent from In both cases, the data delayed for 80 bits by the 
the pin E in order at the fall of CL2. When SHL = shift register is output from the CAR pin to be- 
Vcc, data is shifted from Y; to Ygo and Ygo to Yi come the line scan data for the next LSI (figure 6). 
when SHL = GND. 





When SHL = Vcc 


(Next LSI) 


When SHL = GND 





Figure 6 Row Driver Timing Chart 
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LCD Power Supply near GND (figure 7). Each voltage must be within 
AV. AV determines the range within which Ron, 
This section explains the range of power supply impedance of driver’s output, is stable. Note that 


voltage for driving LCD. V, and V3 voltages AV depends on power supply voltage Vicp-GND 
should be near Vi cp, and V, and V4 should be (figure 8). - 





Figure 7 Driver’s Output Waveform and Each Level of Voltage 


Range of power supply voltage 


14 
Vico -GND (V) 





Figure 8 Power Supply Voltage Vicp-GND and AV 
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Application Example 


Application Diagram of 640 x 400 dots driven by HD66106Fs. 


Figure 9 shows an example of an LCD panel 


LCD panel 
640 x 400 dots 
1/400 duty ratio 





© 
+37V 
Notes: 1. R, and R, depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R, /(4R, + 
R.,,) should be 1/20. For example, R; = 3kQ and Ro = 48kQ. 
2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 


capacitors with some 0.1 uF per LSI, putting one between V; cp and GND, and the other be- 
tween Vec and GND. 


+5V 





Figure 9 Application Example 
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CAR(LSI 6) Latches LSI 6 data 


CAR(LSI 7) Latches LSI 7 data 


CAR(LSI 8) Latches LSI 8 data 


CAR(LSI 9). Latches LSI 9 data 

CAR(LSI 10) "Latches LSI 10 data 

CAR(LSI 11) | Latches LSI 11 data 
CAR(LSI 12) | Latches LSI 12 data 


CAR(LSI 13) | Latches LSI 13 data | 
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Figure 11 Timing Waveform for Row Drivers (LSI 1-LSI 5) 
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Absolute Maximum Ratings 











item Symbol - Rating Unit Notes 
Supply Logic circuits Vcc —0.3 to +7.0 Vv 1 
Voltage LCD drive circuits Vicp —0.3 to +38 | Vv 1 
Input voltage (Logic) Vri —0.3 to Voc + 0.3 V 1,2 
Input voltage (LCD drive) Vro —0.3 to Vicp + 0.3 Vv 1,3 
Operation temperature Topr a —20 to +75 a 6 
Storage temperature Tstg —55 to +125 °C 





Notes: 1. Reference point is GND (= 0 V). 
2. Applies to the input pins for logic circuits. 
3. Applies to the input pins for LCD drive circuits. 
4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSIs should usually be used 


_ under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli- 
ability. 
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Electrical Characteristics 


DC Characteristics (Vcc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta = —20°C to 75°C unless otherwise noted) 





Item Symbol Pin Min Typ Max Unit Test Condition Notes 
Input high voltage Vin CL1, CL2,M, SHL, 0.8 x Vec — Vec Vv 
Input low voltage Vin Do—D3,E,CH1 0 - 0.2xVec V 
Output high voltage Vou CAR | Vec — 0.4— - Vv lon = —0.4 mA 
Output low voltage VoL - _ 0.4 Vv lo. = 0.4 mA 
Vi-Yj on resistance Ron Yi—-Yso0,Vi-V4a — - 3.0 k2Q lon = 100 pA 4 
Input leakage current(1) 1414 CL1,CL2,M,SHL, —5.0 _ 5.0 HA Vin = Vec to GND | 
Do—D3, E, CH1 
Input leakage current(2) lipo Vi-Va -500 — 50.0 HA Vin = Viep to GND 
Current consumption (1) Icc4 — — 3.0 mA fc_2 = 6 MHz, 
(2) Inep1 ms —- 08 mA foi, = 28 kHz 1 
(ist — = 02 mA Atthestandby state 2 
for2 = 6 MHz, 
fot, = 28 kHz 
(4) Ieee - — 0.2 mA foy, = 28 kHz, 1 
(5) I_cp2 _ — 0.1 mA f, = 35 Hz 3 





Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 
flows from the power supply through the input circuit. V4 and Vj, must be fixed at Vcc and GND respectively 
- to avoid it. 
2. Applies when the LSI is used as a column driver. 
3. Applies when the LSI is used as a row driver. 
4. Indicates the resistance between Y pin and V pin (one of V3, V2, V3, and V4) when it supplies load current to 
one of Y1—Ygo pins. 
Conditions: Vicp — GND = 37 V 
Vi. V3 = Vicp = 2/20 (Vico = GND) 
Vo, V4 = GND + 2/20 (Vicp = GND) 


Y pin (Y4—Ygo) 





HITACHI 7 783 








HD66106F 





AC Characteristics (Voc = 5 V + 10 %, Vicp = 14 V to 37 V, Ta = —20°C to +75°C unless otherwise noted) 


Column Driver 


























Item Symbol Pin Min Typ Max Unit Notes 
Clock cycle time teyc CL2 166 ~ - ns 
Clock high level width tcwH CL2 50 _ _ ons 
Clock low level width tcwL CL2 50 _ _ ns 
Clock setup time | tscL CL2  — 200 - _ ns 
Clock hold time tHCL CL2 200 _- - ns 
Clock rise/fall time | tot CLi,CL2 — _ 30 ns 
Data setup time tosu Do—D3 30 _ ~ ns 
Data hold time toH Do—D3 30 _ - ns 
E setup time tesu E 50 _ ~ ns 

Output delay time tocarR CAR _ _ 80 ns a | 
M phase difference tcm M, CL1 _ —_ 300 ns 

Row Driver 
item Symbol Pin Min Typ Max — Unit Notes 
Clock low level width tw CL2 5 _ = Ms 
Clock high level width twH1 CL2 125 _ = ns 
Data setup time tos E 100 _ _ ns 
Data hold time toH E 30 _ ~ ns 
Data output delay time - top CAR ~ _ 3 Ms 1 
Data output hold time tpHw CAR 30 - _ ns 1 
Clock rise/fall time tet CL2 - _ 30 ns 





Note: 1. Values when the following load circuit is connected: 


Test point an 


30 pF 
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Column Driver 





Figure 12 Controller Interface of Column Driver 
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Row Driver 





Figure 13 Controller Interface of Row Driver 
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(LCD Driver for High Voltage) 


Description 


The HD66107T is a multi-output, high duty 
ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Ts can drive a 640 x 
480 dots LCD panel. Moreover, the LCD driver 
enables interfaces with various LCD control- 
lers due to a built-in automatic generator of 
chip enable signals. Use of the HD66107T can 
help reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 


Features 

@® Column and row driver 

@ 160 LCD drive circuits 

@® Multiplexing duty ratios: 1/100 to 1/480 
@ 4-bit and 8-bit parallel data transfer 

@ Internal automatic chip enable signal 


generator 

Internal standby mode 

Recommended LCD controller LSIs: 
HD63645F, HD64645F, and HD64646FS 
(LCTC), HD66840/HD66841 (LVIC), 
HD66850 (CLINE) 

@® Power supply voltage 

—internal logic: +5 V + 10% 

—LCD drive circuit : 14.0 to 37.0 V 

Operation frequency: 8.0 MHz (max.) 

CMOS Process 

192-pin TCP 





Ordering Information 


Number of Outer lead 
Type No. outputs pitch (..m) 
HD66107T11 160 180 
HD66107T24 169 180 
HD66107T12 160 250 
HD66107TOO 160 280 
HD66107T01 80 280 
HD66107T25 80 280 


Note: *1"Kapton” is a trademark of Dupont, Ltd. 


Material of tape*? Note 
Kapton 
Upilex 

Kapton 
Kapton 
Kapton 
Kapton 


12 perforated holes 
8 perforated holes 


“Upilex” is a trademark of Ube Industries, Ltd. 
*2The details of TCP pattern are shown in “The Information of TCP”. 
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Pin Description 

Power Supply 

Vcc, GND: Vcc supplies power to the internal 
logic circuits. GND is the logic and drive 
ground. 


Vicp,: Vicp supplies power to the LCD drive 
circuit. 


Vit, Vir, Vat, Var, Vat, Var, Vat, Var: Vi to Va 
supply power for driving an LCD (figure 1). 


Control Signal 


CL1: The LSI latches data at the negative 
edge of CL1 when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 


CL2: The LSI latches display data at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 


the negative edge when it is used as a row 





driver. 
Table 1 Pin Function 
Symbol Pin No. Pin name input/output 
Vec 167 Vec 
GND 161, 186, 187 Ground 
Vicp 166, 192 Vico 
V1L, R 191, 165 V1L, V1R 
V2L, R 188, 162 V2L, V2R 
V3L, R 190, 164 V3L, V3R 
V4L, R 189, 163 V4L, V4R 
CL1 . 183 Clock 1 Input 
CL2 184 Clock 2 Input 
M . 182 M Input 
Do-D7 174-181 DATAO-DATA7 Input 
SHL 172 Shift left Input 
CH2 171 Channel 2 Input 
BS 173 Bus Select input 
TEST 185 TEST Input 
Y1-Y160 1-160 Y1-Y160 Output 
E 169 Enable Input 
CAR 168 Carry Output 
CH1 170 Channel 1 Input 


Vi, V2: selected level 
V3, V4: nonselected level 





Figure 1 Power Supply for Driving an LCD 
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M: M changes LCD drive outputs to AC. 


Do-D7: Do-D7 input display data for the col- 
umn driver (table 2). 


SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). - | 


E: E inputs the enable signal when the LSI is 
used as a column driver (CH1 = Vcc). 


The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the 
LSI is used as a row driver (CH1 = GND). 
When HD66107Ts are connected in cascade, 
E connects with CAR of the preceding LSI. 





CAR: CAR outputs the enable signal when 
the LSI is used as a column driver (CH1 = V 
cc). 


CAR outputs scan data when the LSI is used 


as a row driver (CH1=GND). When 
HD66107Ts are connected in cascade, CAR 
connects with E of the next LSI. 


CH1: CH1 selects the driver function. The chip 
devices are columns when CH1 = Vee, and 
rows when CHi1 = GND. 


CH2: CH2 selects the number of output data 
bits. The number of output data bits is 160 


~ when CH2 = GND, and 80 when CH2 = Vec. 


BS: BS selects the number of input data bits. 
When BS = Vcc, the chip latches 8-bits data. 
When BS = GND, the chip latches 4-bits data 
via Do to D3. Fix D4 through D7 to GND. 


TEST: Used for testing. Fixed to GND, other 
wise. 





Table 2. Relation between Display data 
and LCD state 


LCD Output LCD 
V1iL, R/V2L, R On 
Nonselected level Off 


Display Data 
1 (=high level) 
O (=low level) 


Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used 


as Row Driver) 


SHL Shift Direction of Shift Register 
Vec E> 15> 25> 35> 4------ — 160 
GND E> 160— 159—> 158—> 157------ 1 


1st Tae Gnd data: data | oe data 


When SHL=GND 





Scan Direction of Selected Line 
Y1—> Y2— Y3—- 
Y160— Y159—- Y158—- Y157------ —Y 1 


mw 
ite) 
pat 
> 


oO 
) 
- 
> 


Dna dee. data 1st Asse 


ieee data 


When SHL=Vcc 


Figure 2 Relation between SHL and Data Output 
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LCD Drive Interface 


Y1-Y160: Each Y outputs one of the four volt- 
age levels-V:, V2, V3, Va-according to the 
combination of M and display data (figure 3). 


Y output level t-te} ce Y output 
id vi v3") V2 Va evel | Mya hV3 oak halk a 


When used as a row driver 


When used as a column driver 





Figure 3 Selection of LCD Driver Output Level 
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Function 

LCD Drive Circuits 

‘The LCD drive circuits generate four levels of 
voltages-Vi, V2, V3, and Va-for driving an LCD. 


They select and transfer one of the four levels 
to the output circuit according to the combi- 


nation of M and the data in the latch circuit 2. 


Latch Circuit 2 


Latch circuit 2 is used as a 160-bit latch cir- 
cuit during column driving. Latch circuit 2 
latches data input from latch circuit 1 at the 
falling edge of CL1 and outputs latched data 
to the drive circuits. 7 


In the case of row driving, latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2. When SHL = Vcc, data is shifted 
in input order from bit 1 to bit 160 of the shift 
register. When SHL = GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Ya through Yi20 are 
enabled, while the other bits remain un- 
changed. 


Latch Circuit 1 
Latch circuit 1 consists of twenty 8-bit paral- 


lel data latch circuits. It latches data Do 
through D7 at the falling edge of CL2 during 


column driving. The selector signals specify 


' which 8-bit circuit latches data. Moreover, 


this circuit can be used as forty 4-bit parallel 
data latch circuits by switching BS, in which 
case the circuit latches data Do through D3. 
Moreover, this latch circuit can be used as an 
80-bit shift register. In this case Ya: through 
Yi20 are enabled, while the other bits remain 
unchanged. 


Selector 


The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the failing 


edge of CL2. 


Controller 


This controller is enabled during column 
driving. It provides a power-down function — 
which detects completion of data latch and 
stops LSI operations. 


Moreover, the controller automatically gen- 
erates a chip enable signal (CAR) which 
starts next-stage data latching. 





Test Circuit 


' The test circuit divides the external clock and 


generates test signals. 
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Fundamental Operations 
Column Driving (1) 


-CH2 = GND (160-bit data output mode) 
-BS = Vcc (8-bit data latch mode) 


The HD66107T starts data latch when E is at 
low level. In this case, 8-bit parallel data is 
latched at the falling edge of CL2. When 160- 
bit data latch is completed, the HD66107T 
automatically stops and enters standby mode 
and CAR is goes to low level. If CAR is con- 





SHL = GND 


nected with E of the next-stage LSI, this next- 
stage LSI is activated when CAR of the pre- 
vious LSI goes low. 


Data is output at the falling edge of CL1. 
When SHL = GND, data d; is output to pin Y1 
and digo to Yieo. On the other hand, when SHL 
= Vcc, data dieo is output to pin Y1 and dl to 
Yieo. The output level is selected from among 
Vi-V4 according to the combination of display 
data and alternating signal M. See figure 4. 


Y; K d, 


| 


Y160 x diéo 


SHL = Vec 





Figure 4 Column Driver Timing Chart (1) 
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Column Driving (2) | 4-bit display data (Do-D3) is latched at the 

falling edge of CL2. Other operations are 
-CH2 = GND (160-bit data output mode) performed in the same way as described in 
- BS = GND (4-bit data latch mode) “Column Driving (1)”. See figure 5. _ 








Figure 5 Column Driver Timing Chart (2) 


as HITACHI 





Column Driving (3) 


- CH2 = Vcc (80-bit data output mode) 
-BS = Vcc (8-bit data latch mode) 


When CH2 is high (Vcc), the HD66107T can be 
used as an 80-bit column driver. In this case, 
Yai through Yi20 are enabled, the states of 


SHL = GND 


HD66107T 


Y, through Yao and Yiai through Yieo remain 
unchanged. . 


When SHL = GND, data di is output to pin 
Yai and dgo is output to Yizo. Conversely, when 
SHL = Vcc, data dgo is output to Ya and di is 
output to Yiz20. See figure 6. 





Figure 6 Column Driver Timing Chart (3) 
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Column Driving (4) When CH2 = Vec and BS = GND, 4-bit paral- 


lel data is latched, while 80-bit data is output. 
- CH2 = Vcc (80-bit data output mode) The output of latched data is performed in 
- BS = GND (4-bit data latch mode) described in “Column Driving (3)”. See figure 
7: 


SHL=GND 


Yay 


| 





Figure 7 Column Driver Timing Chart (4) 
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Row Driving (1) When SHL = Vcc, 160-bit data is shifted from 
Y; to Yigo, Whereas when SHL = GND, data is 
-CH2 = GND (160-bit data output mode) shifted from Yieo to Yi. In both cases the 
HD66107T outputs the data delayed for 160 
The HD66107T shifts line scan data input bits by the shift register through CAR, 
through E at the falling edge of CL2. becoming line scan data for the next IC 


driver. See figure 8. 


(next stage) 
1 





Figure 8 Row Driver Timing Chart (1) 
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Row Driving (2) 
- CH2 = Vcc (80-bit data output mode) 


When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Ya; to 
Yi20 are enabled, while the other bits remain 
unchanged. 





Line scan data input through E is shifted at 
the falling edge of CL2. When SHL = Vec, 
data is shifted from Ya to Yi2zo. Conversely, 
when SHL = GND, data is shifted from Yi2o0 to 
Ya. In both cases the HD66107T outputs the 
data delayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. See figure 9. 


(next stage) 
1 


1 


Figure 9 Row Driver Timing Chart (2) 
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Y:—Y160 Yi-Y 160 Y:—Yi60 
SHL, TEST, CH2 SHL, TEST, CH2 + SHL, TEST, CH2 
H1, BS CH1, BS CH1, BS 
HD66107T ie ie HD66107T 
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Notes 1. R1 and R2 are specified depending on the type of LCD panel. When using an LCD panel with 1/20 bias, R1/(4R1 + R2) 
must be 1/20, i.e., R1 = 3kQ and R2 = 48kQ. 

Notes 2. When designing a board, place capacitors close to each LSI in order to stabilize power supply. It is recommended to use 
two 0.1 4F capacitors per LSI; one is connected between Vcc and GND, and the other between Vicp and GND. 


Figure 10 Application Example 
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Waveform Examples 


Column Driving 
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Figure 11 Column Driver Timing Chart 
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Figure 12 Row Driver Timing Chart 
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Absolute Maximum Rating 


item Symbol Rating Unit Note 
Power supply voltage Logic circuit Vec -0.3-—+7.0 V 1 
LCD drive circuit Vicp -0.3-— +38 V 1 

Input voltage (1) Vii —0.3-Vec+0.3 V 1,2 
Input voltage (2) Vr2 ~0.3-Vicpt+0.3 V 1,3 
Operation temperature Topr -20-—+75 °C 
Storage temperature Tstg —-40-—+125 °C 
Notes:1. Reference point is GND (= OV). 

2. Applies to input pins for logic circuit. 

3. Applies to input pins for LCD drive circuits. 

4. If the LSI is used beyond absolute maximum ratings, it may be permanently damaged. It 
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should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LSI’s reliability. 
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Electrical Characteristics 
DC Characteristics (Vcc = 5 V + 10%, Vicp = 14 to 37 V, Ta = —20 to 75°C) 


item Symbol Pins Min. Max. Unit Condition Note 
input high voltage Vin CL1 ; CL2, M 0.8 x Vec Vec V 
SHL, BS, CH2, 
Input low voltage Vit TEST, Do-D7, 0 0.2 X Vec V 
E, CH1 
Output high voitage Voy CAR Vec—0.4 = V lonx=—0.4 mA 
Output low voltage VoL 7 0.4 V lo. =0.4 mA 
Vi-Yj on resistance Ron Y1—Y160, - 3.0 kQ lon=150 vA 4 
V1i-V4 
Input leak current (1) iy; CL1,CL2,M -5.0 5.0 uA Vin=Vec— GND 
SHL, BS, CH2, 
TEST, Do—D7, 
E, CH1 
Input leak current (2) lw2 V1—-V4 -—100 100 uA Vin=Vicp- GND 
Power dissipation (1) Icc: | 7 5.0 mA fo.2=8 MHz 1 
Power dissipation (2) Iicp1 = 2.0 mA fo.1=28 kHz 2 
Power dissipation (3) Ist = 0.5 mA In standby 
mode: 
fo.2=8 MHz, 1 
fer1 =28 kHz 2 
Power dissipation (4) Icc2 = 1.0 mA fier1 =28 kHz 1 
Power dissipation (5) Iicp2 — 0.5 mA fm=35 Hz 3 


Notes:1. Input and output current is excluded. When an input is at the intermediate level is CMOS, 
excessive current flows from the power supply though the input circuit. To avoid it, Vin and 
Vit must be fixed to Vcc and GND respectively. 
Applies to column driving. 
Applies to row driving. 
Indicates the resistance between one pin from Y 1-Y160 and another pin from V1-V4 when 
load current is applied to the Y Pin; defined under the following conditions. 
Vico - GND =370 

V1, V3=Vicp— {2/20(Vico-GND)} 

V2, V4=Vicot+ {2/20(Vicp-GND)} 
This section explains the range of power supply voltage for driving LCD. V 1 and V3 voltage 
should be near Vicp, and V2 and V4 should be near GND (figure 13). 
Each voltage must be within AV. AV determines the range within which Ron, impedance of 
driver's output, is stable. Note thatAV depends on power supply voltage Vico-GND (figure 
14). 


PON 





Range of power supply voltage 


14 





Vico -GND (V) 
Figure 13 Driver's Output Waveform Figure 14 Power Supply Voltage 
and Each Level of Voltage Vicp-GND and AV 
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AC Characteristics (Vcc = 5 V + 10%, Vicp = 14 to 37 V, Ta = —20 to 75°C) 


Column Driving 


item Symbol Pin name Min. Max. 


Clock cycle time teye CL2 125 = 
Clock high-level width (1) town CL2 30 ~ 
Clock high-level width (2) tewH2 CL1 60 = 
Clock low-level width tewL | CL2 30 - 
Clock setup time tscL CL2 200 ~ 
Clock hold time tHcL CL2 200 ae 
Clock rising/falling time tct CL1, CL2 = 30 
Data setup time tosu Do-D7 30 = 
Data hold time tou Do-—D7 30 = 

E setup time tesu E 25 - 
Output delay time (1) tocart CAR - 70 
Output delay time (2) _ tocar2 CAR - 200 
M phase difference ttm M, CL1 = 300 


Notes:1. Specified when connecting the load circuit shown in figure 15. 


Test point as a 


zr 


Figure 15 Test Circuit | 
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Horizontal 


retrace period 


Vin 
A Vit 





Figure 16 Controller Interface of Column Driver 
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Row Driving 


item 

Clock low-level width 
Clock high-level width 
Data setup time 

Data hold time 

Data output delay time 
Data output hold time 
Clock rising/falling time 


Input data _ 


CAR 


Output data 
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Symbol Pin name Min. Max. Unit Note 
twit CL2 5 = “Ss 

tWwH1 CL2 60 _ ns 

toso. E 100 - ns 
toH2 E 30 = ns 

top CAR = 3 us 1 
toHw CAR 30 a ns 1 

tet CL2 = 30 ns 





Figure 17 Controller Interface of Row Driver 
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(Column Driver} 


Description Features 


The HD66110RT, the column driver for a large» 
liquid crystal display (LCD) panel, features ass * 
many as 160 LCD outputs powered by 160 ° 
internal LCD drive circuits, and a high duty cycle. 
This device can interface to various LCD = 
controllers by using an internal automatic chip 
enable signal generator. Its strip shape enables a 

slim tape carrier package (TCP). 


Ordering Information 


_ Type No. | Outer lead pitch(ym) 
HD66110RTA8 140 
HD66110RTBO 92 
HD66110RTB1 92 
HD66110TA4 80 


191-pin TCP 

CMOS fabrication process 

High voltage 

— LCD drive: 28 to 40 V 

High speed 

— Maximum clock speed : 
12 MHz (Vcc = 4.5 to 5.5 V) 
10 MHz (Vcc = 2.7 to 5.5 V) 

4- and 8-bit data bus interface 

Display off function 

Standby function 

Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 


— LVIC series: HD66840, HD66841 — 


— CLINE: HD66850 


User Area (mm) 
10.85 

11.9 

9.0 

9.66 


Note: The details of TCP pattern are shown in” The Information of TCP. " 
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Pin Description 











Symbol Pin No. PinName Input/Output Classification 
| Voc 175 Vec _— Power supply 
GND 186 GND — Power supply 
Vicpt 187 Vip Input _ Power supply 
Vicpe2 164 Vicpe — _ Power supply 
ViR 166 — VIR Input Power supply 
V2R 162 V2R Input Power supply 
V3R 165 V3R Input Power supply 
V4R 163 V4R Input Power supply 
ViL | 188 ViL Input Power supply 
V2L 191 V2L | Input Power supply 
V3L 189 V3L Input Power supply 
V4L 190 V4L - Input Power supply 
Cli 179 Clock 1 Input | Control signal 
CL2 178 Clock 2 Input Control signal 
M 180 M Input Control signal 
Do—-D7 | 167-174 Data 0-data 7 Input Control signal 
SHL 183 Shift left Input Control signal 
EVO1, EVO2 177, 176 Enable IO 1, enable IO 2. Input/output _ Control signal 
DISP- 181 Display off Input Control signal 
BS 184 Bus select Input Control signal 
TESTI, TEST2 182, 185 Test 1, test 2 Input Control signal 
Y;-Y1160 4-160 Y;-Yii60 Output LCD drive output 
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Pin Functions 
Power Supply 


Vcc: Vico» Vicp2» GND: Vcc — GND supplies 
power to the internal logic circuits. Vicp— GND 
supplies power to the LCD drive circuits. See 
figure 1. 


VIR, VIL, V2R, V2L, V3R, V3L, V4R, V4L: 
Supply different levels of power to drive the LCD. 
V1 and V2 are selected levels, and V3 and V4 are 
non-selected levels. 


Control Signals 


CL1: Inputs display data latch pulses for latch 
circuit 2, Latch circuit 2 latches display data input 


from latch circuit 1, and outputs LCD drive signals 


corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 


CL2: Inputs display data latch pulses for latch 
circuit 1. Latch circuit 1 latches display data input 
via Do—D7 at the falling edge of each CL2 pulse. 


M: Changes LCD drive outputs to AC. 


Do-D7: Input display data. High-voltage level 
(Vcc level) of data corresponds to a selected level 
and turns an LCD pixel on, and low-voltage level 
(GND level) data corresponds to a non-selected 
level and turns an LCD pixel off. 


SHL: Shifts the destinations of display data 
output, and determines which chip enable pin 
(EI/O1 or EI/O2) is an input and which is an 
output. See figure 2. 








EI/O1, El/O2: If SHL is GND level, EI/O1 inputs 
the chip enable signal, and EI/O2 outputs the 
signal. If SHL is Vcc level, EI/O1 outputs the 
chip enable signal, and EI/O2 inputs the signal. 
The chip enable input pin of the first HD66110RT 
must be grounded, and those of the other 
HD66110RTs must be connected to the chip 











enable output pin of the previous HD66110RT. 


The chip enable output pin of the last HD66110RT 
must be open. 


DISP: A low DISP sets LCD drive outputs 
Y1-Y 160 to V2 level. 


BS: Selects either the 4-bit or 8-bit display data 
bus interface. If BS is Vcc level, the 8-bit bus is 
selected, and if BS is GND level, the 4-bit bus is 
selected. In 4-bit bus mode, data is latched via 
Do—D3; D4—D7 must be grounded. 


TESTI, TEST2: Used to test the LSI, and must 


be connected to Vcc level. 
LCD Drive Output 


Y ~-Y169: Each Y outputs one of the four voltage 
levels V1, V2, V3, or V4, depending on a 
combination of the M signal and display data 
levels. See figure 3. 





Figure 1 Power Supply for Logic and LCD Drive Circuits 
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SHL = GND, BS = GND 


Y1 Y3 Y5 Y7 Y153 Y155 Y157 Y159 
Y2 Y4 Y6 Y8 Y154 Y156 Y158 Y160 


a 4 E1/O1: chip enable input aS 


ieee El/O2: chip enable output Eps ca 


SHL = Vcc, BS = GND 


Y1 Y3 Y5 Y7 Y153 Y155 Y157 Y159 
Y2 Y¥4 Y6 Y8 Y154 Y156 Y¥158 Y16 


Nese 7 E1/O1: chip enable output Nee 


Last data El/O2: chip enable input ‘st data 


SHL = GND, BS = Vcc 


Y153 Y155 Y157 Y159 
Y154 Y156 Y158 Y160 


Y 


1 Y3 Y5 Y7 
Y2 Y¥4 Y6 Y8 
1st data El/O1: chip enable input Last data 
El/O2: chip enable output 





SHL = Vcc, BS = Vcc 


Y1 Y153 Y155 Y157 Y159 
Y154 Y156 Y158 Y160 


| Y3 Y5 Y7 
Y2 4 Y6 Y8 
Last data EV/O1: chip enable output ist data 
El/O2: chip enable input 





Figure 2 Selection of Destinations of Display Data Output 


HITACHI 811 


HD66110RT 








Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 


The 160-bit LCD drive circuit generates four 
voltage levels V1, V2, V3, and V4, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the latch circuit 2. 


Level Shifter 


The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 


Latch Circuit 2 


160-bit latch circuit 2 latches data input from latch 
circuit 1, and outputs the latched data to the level 
shifter, both at the falling edge of each clock 1 
(CLI) pulse. 


Block Diagram 


ViR—V4L 
M 


VLCD1, 

VLCD2 ————>> 
Vcc ———> 
GND ———_> 
CLi 


<> 


YO | batch circuit 1 


BS 
it 1 


Do-—D7 Data shifter 


SH mae 
CL2 


EVOi 
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Latch Circuit 1 

160-bit latch circuit 1 latches 4-bit or 8-bit parallel 
data input via the Dog to D7 pins at the timing 
generated by the shift register. 


Shift Register 

The 40-bit shift register generates and outputs data 
latch signals for latch circuit 1 at the falling edge 
of each clock 2 (CL2) pulse. 

Data Shifter 


The data shifter shifts the destinations of display 
data output, when necessary. 


Test Circuit 


The test circuit divides the external clock pulses 
and generates test signals (TEST 1 and TEST2). 





Yi-Y 160 


LCD drive circuit 
Level shifter 


Latch circuit 2 


Shift register 


EVé2 
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HD66110RT 
Comparison of the HD66110RT with the HD66107T 


Item HD66110RT HD66107T 

Common LCD drive circuits Not provided 160 

Column LCD drive circuits 160 160 or 80 

LCD drive voltage range 28 to 40 V 14 to 37 V 

Speed Voc = 4.5 to 5.5 V 12 MHz 8 MHz 
Voc = 2.7 to 4.5 V 10 MHz — 


Clock hold time (tyc,) definition From the falling edge of CL1 to From the falling edge of CL1 to 
the rising edge of CL2 (figure 1) the falling edge of CL2 (figure 1) 


Test pin level at normal operation Voc GND 
Display off function Provided Not provided 
TCP shape Can be thin Cannot be thin 


Cli —— + ____ Giese” Vee, 


ite eof oe 


HD66110RT HD66107T 





Figure 4 tycy, Definitions of the HD66110RT and HD66107T 
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Operation Timing 
4-Bit Bus Mode (BS = GND) 


Figure 5 shows 4-bit data latch timing when SHL 
= GND, that is, the EI/O1 pin is a chip enable 
input and EI/O2 pin is a chip enable output. When 
SHL = Vcc, the EI/O1 pin is a chip enable output 
and EI/O2 pin is a chip enable input. — 





When a low chip enable signal is input via the 
EJ/O1 pin, the HD66110RT is first released from 
data standby state, and, at the falling edge of the 
following CL2 pulse, it is released entirely from 
_ Standby state and starts latching data. 





HD66110RT 


It simultaneously latches 4 bits of data at the 
falling edge of each CL2 pulse. When it has 
latched 156 bits of data, it sets the EI/O2 signal 
low. When it has latched 160 bits of data, it 
automatically stops and enters standby state, 
initiating the next HD66110RT, as long as its 
EI/O2 pin is connected to the EI/O1 pin of the next 
HD66110RT. 





The HD66110RTs output one line of data from the 


~ Y1-Yi6o pins at the falling edge of each CL1 


pulse. Data d; is output from Y,, and dj¢9 from 
Y169 When SHL = GND, and d, is output from 
Y160> and diéo from Yi when SHL = Vcc: 
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HD66110RT 


po ~lXeXesXan -— 


Ds ~TXerXes Kea 


CL1 


EV/O2 
(No. 1 HD66110RT no. 1 
latches data 


ElV/O2 


(No. 2) HD66110RT no. 2 
latches data 


EV/O2 


(No.3) HD66110RT no. 3 } 
latches data 


EV/O2 


(No. 4) HD66110RT no. 4 
latches data 


Y1—Y160 


Note: SHL =GND 





Figure 5 4-Bit Data Latch Timing (SHL = GND) 
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8-Bit Bus Mode (BS = Vcc) When SHL = Vcc, the EI/O1 pin is a chip enable 
output and EI/O2 pin is a chip enable input. 

Figure 6 shows 8-bit data latch timing when SHL 

= GND, that is, the EI/O1 pin is a chip enable | The operation is the same as that in 4-bit bus mode 

input and EJ/O2 pin is a chip enable output. except that 8 bits of data are latched 
simultaneously. 










CL2 


: 
: 


—_ 
rm 
@ 
milk 
oO 


D7 


; 


CL1 


EVO2 
(No. 1) HD66110RT no. 1 


latches data 


latches data 


EVO2 | | | <->} | 
(No. 4) HD66110RT no. 4 
latches data 


_ _ 

EVO2 _ 

(No. 2) HD66110RT no. 2 f | 
latches data | i 

EVO2 pf 

(No. 3) HD66110RT no. 3 







Y1~Y160 


Note: SHL=GND 


Figure 6 8-Bit Data Latch Timing (SHL = GND) 
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Application Example 


LOD panel of 640 x 480 dots; 
oycie 


1/480 duty 





Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/20 bias, R1 and R2 must be 3 kQ and 48 kQ, respectively. That 
is, R1/(4 « R1 + R2) should be 1/20. 


2. To stabilize the power supply, place two 0.1-.F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vicp and GND pins. 


3. The load must be less than 30 pF between the El/O2 and E1I/O1 connections of 
HD66110RTs. | 
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Absolute Maximum Ratings 


Item Symbol Rating | Unit Notes 


Power supply voltage for logic circuits Vec —0.3 to +7.0 V 1,5 
Power supply voltage for LCD drive circuits Vicp ~—0.3 to +42 V 1,2,5 
Input voltage 1 Vr; —0.3 to Veco + 0.3 V 1,3 
Input voltage 2 Vre2 —0.3 to Vicp + 0.3 V 1,4 
Operating temperature Topr —20 to +75 °C 

Storage temperature T stg —40 to +125 °C 


Notes: 1. The reference point is GND (0 V). 

. Indicates the voltage between GND and Vi cp. 

. Applies to input pins for logic circuits, that is, control signa: pins. 

. Applies to input pins for LCD drive level voltages, that is, Vi-V4 pins. 


. Power should be applied to Vec-GND first, and then Vicp-GND. It should be disconnected in 
the reverse order. 


a Ff W NM 


6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. | 


Electrical Characteristics 


DC Characteristics1 (Vcc = 2.7 to 4.5V, Vicp — GND = 28 to 40 V, and T, = -20 to +75°C, unless 
otherwise noted.) 


Item Symbol Pins Min. Max. Unit Condition Notes 
Input high voltage Vin 1 0.8xVco Vcc V 

Input low voltage Vit 4 0 0.2xVoo V 

Output high voltage Von 2 Veo -04 — V lon = -0.4 mA 

Output low voltage Vo. 2 — 0.4 V lo, = 0.4 mA 

Vi-Yj on resistance Ron 3 — 3.0 kQ lon = 150 pA 1 
‘Input leakage current 1 he 1 —5.0 5.0 HA Vin = Voc to GND 

Input leakage current2 = Ino 4 —100 100 vA Vin = Vicp to GND 
Current consumption 1 loc —_ _ 2.2 MA — foie = 10 MHz 2 


fous = 28 kHz 
a te ON 
Current consumption 2 lop — — 3.0 mA Same as above 2 
. , ion 3 =. a : ' 2: 


Pins and notes on next page. 
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DC Characteristics2 (Vcc = 5 V + 10%, Vicp - GND = 28 to 40 V, and T, = -20 to +75°C, unless 


otherwise noted.) 

item Symbol: Pins Min. 
Input high voltage Vin 1 

Input low voltage Vin 1 0 
Output high voltage Vou 2 

Output low voltage VoL 2 — 
Vi-Yj on resistance Ron 3 _ 
Input leakage current 1 hes 1 -5.0 
Input leakage current2 = Ino 4 -100 


Current consumption 1 —Ioc — — 


Current consumption2 = Iich — — 


Current consumption 3 — Ist —_ — 


Pins: 


Notes: 
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1. 


CL1, CL2, M, SHL, BS, EI/O1, E1/02, 
DISP, TEST1, TEST2, Do-D7 


2. El/O1, EVO2 
3. Y1-Yieo, V1-V4 
4. V1-V4 


1. 


Indicates the resistance between one 
pin from Y,;—Y4¢g9 and another pin from 
Vi-—V4 when load current is applied to 
the Y pin; defined under the following 
conditions. 


V1, V3 = Vicp — {1/20(Viep — GND)} 
V2, V4= Vicp + {1/20(Vi cp = GND)} 


0.8 x Voc 


Voc — 0.4 


Max. Unit Condition Notes 

Vec 

0.2xVoo V 

— V loy = 0.4 mA 

0.4 V lo, = 0.4 mA © 

3.0 kQ lon = 150 pA 1 

5.0 vA Vin = Voc to GND 

100 HA Vin = Vicp to GND 

5.0 MA feta = 12 MHz 2 
fot: = 28 kHz 

3.0 mA Same as above 2 

0.7 mA Same as above 2,3 


HITACHI 


V1 and V3 should be near Vi cp level, 
and V2 and V4 should be near GND 
level (figure 7). All voltage must be 


within AV. AV is the range within 


which RON, the LCD drive circuits’ 
output impedance, is stable. Note that 
AV depends on power supply voltage 
Vicp — GND (figure 8). 


. Input and output current is excluded. 


When a CMOS input is floating, 
excess current flows from the power 
supply through the input circuit. To 
avoid this, V4 and V_ must be held to 
Vcc and GND levels, respectively. 


3. Applies to standby mode. 


HD66110RT 


iecslacewenscess Ve 
GND 





Figure 7 Relation between Driver Output Waveform and Level Voltages 


Level voltage range 


28 ~=— 40 
VLCD-GND (V) 





Figure 8 Relation between Vi cp — GND and AV 
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AC Characteristics! (Vcc = 2.7 to 4.5V, Vicp — GND = 28 to 40 V, and T, = -—20 to +75°C, unless 


otherwise noted.) 


Item 

Clock cycle time 

Clock high-level width 1 
Clock low-level width 
Clock high-level width 2 
Clock setup time 

Clock hold time 

Clock rise time 

Clock fail time 

Data setup time 

Data hold time 

M phase difference time 


Symbol 


toyc 


towH2 
towr2 
towH1 
tse 
tHCL 
tr 

tf 

los 
tou 
tom 


Pins 

CL2 

CL2 

CL2 

CL1 

CL1, CL2 
CL1, CL2 
CL1, CL2 
CL1, CL2 
Do-D7, CL2 
Do—-D7, CL2 
M, CL1 


100 
37 
37 
50 
100 


100 


35 
35 


50 
50 


300 


Unit Notes 
ns 

ns 

ns 

ns 

ns 

ns 

ns 2 
ns . 2 
ns 

ns 


ns 


Notes: 1. The load must be less than 30 pF between the El/O2 and EI/O1 connections of HD66110RTs. 
2. tr tt < (teye-towHa2-tcw2) ; 2 and t,, tps 5Ons 
AC Characteristics2 (Vcc = 5 V+ 10%, Vicp — GND = 28 to 40 V, and T, = —20 to +75°C, unless 


- otherwise noted.) . 


Item 

Clock cycle time 

Clock high-level width 1 
Clock low-level width 
Clock high-level width 2 
Clock setup time 

Clock hold time 

Clock rise time 

Clock fall time 

Data setup time 

Data hold time | 

M phase difference time 


Symbol 
tcye 
towHe2 
towr2 
towH1 
tsci 
tHCL 
ty 

tr 

tos 
toy 
tom 


Pins 

CL2 

CL2 

CL2 

CL1 

CL1, CL2 
CL1, CL2 
CL1, CL2 
CL1, CL2 
Do-D7, CL2 
Do-D7, CL2 
M, CL1 


83 
20 
20 
50 
100 
100 


10 
10 


50 
50 


300 


Unit Notes 
ns 

ns 

ns 

ns 

ns 

ns 

ns 2 
ns 2 
ns 

ns 

ns 


Notes: 1. The load must be less than 30 pF between the El/O2 and EI/O1 connections of HD66110RTs. 
2. t, te< (teye*towH2-tewr2) / 2 and t,, ts << 50ns 


822 


HITACHI 


HD66110RT 


tr | tCWH2 | tf_ | tCWL2 


0.8Vcc 
0.2Vcc 
tDS tDH 


0.8Vcc 
Jove JX iD 


CWH1 


| 0.8Vcc 


0.2Vcc 
tSCL tHCL 


Figure 9 LCD Controller Interface Timing 
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HD66115T 


(160-Channel Common Driver Packaged | 
in a Slim Tape Carrier Package) — Preliminary — 


Description — Features 


The HD66115T is a common driver for large dot ° Duty cycle: About 1/100 to 1/480 
matrix liquid crystal graphics displays. It features ° 160 LCD drive circuits 

160 channels which can be divided into two groups -° High LCD driving voltage: 14 V to 40 V 
of 80 channels by selecting data input/output pins. +* Output division function (2 x 80-channel 
The driver is powered by about 3 V, making it suit- outputs) 


able for the design of portable equipment which  « Display off function 
fully utilizes the low power dissipation of liquid + Operating voltage: 2.5 V to 5.5 V 
crystal elements. The HD66115T, packaged ina °¢ Slim-TCP 


slim tape carrier package (slim-TCP), makes it Low output impedance: 0.5 kQ (typ) 
possible to reduce the size of the user area (wiring 


area). 


Ordering Information 


Type No. Outer Lead Pitch (um) 
HD66115TAO | 180 
HD66115TA1 250 


Note: The details of TCP pattern are shown in “The Information of TCP.” 
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Pin Arrangement 


Top view 


Note: This figure does not specify the tape carrier package dimensions. 





Pin Assignments 


| esi 4 et mi A UO] % mim 

NPE mn] ote B Oj; m S a] wo mn tN 

Pielele a ap) a > ile 
' 

181 | 1801179 1178 | 177 | 176 | 175 | 174 | 173172 1171 | 170 | 169 | 168 | 167 | 166 | 165 | 164 | 163 | 162 | 161 









Vicpl 
Vicp2 
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Pin Descriptions 


Symbol 
Vicp!, 2 
Vec 
GND1, 2 
ViL, V;R 
Vol, VaR 
VeL, VeR 
Vel, VeR 
CL 

M 

CH 

SHL 
DIO1 
DIO2 

Di 
Dispoff 
X1-X160 
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Pin No. 
177, 163 


166 


176, 170 
165, 178 
161, 181 
162, 180 
164, 179 
171 

172 

175 

174 

169 

167 

168 

173 
1-160 


Pin Name 


Vic 
Voc 
GND 
V,L, V,R 
VoL, VoR 
VeL, VsR 
Vel, VeR 
Clock 

M 

CH 

Shift left 
Data 
Data 
Data 
Display off 
X1-X160 
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Input/Output 


Input 
Input 
Input 
Input 
input 
Input. 
Input 


Input 


Input/output 
input/output 
Input 

Input 
Output 


Classification 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Power supply 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
Control signal 
LCD drive output 


Pin Functions 
Power Supply 


Vcc, GND: Supply power to the internal logic 
circuits. 


Vicp» GND: Supply power to the LCD drive cir- 
cuits (figure 1). 


ViL, ViR, VoL, VaR, VsL, VsR, VoL, V6R: 
Supply different power levels to drive the LCD. V, 
and V> are selected levels, and V5 and V¢ are non- 
selected levels. 


Control Signals 


CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts data input via the DIO pins. 


M: Changes the LCD drive outputs to AC. 


CH: Selects the data shift mode. (CH = high: 2 x 
80-output mode, CH = low: 160-output mode) 


HD66115T 


SHL: Selects the data shift direction for the shift 
register and the common signal scan direction 
(figure 2). 


DIO1, DIO2: Input or output data. DIO! is input 
and DIO2 is output when SHL is high. DIO1 is 
output and DIO2 is input when SHL is low. 


DI: Input data. DI is input to X81—X160 when CH 
and SHL are high, and to X81—-X1 when SHL is 
low. 


Dispoff: Controls LCD output level. A low Dispoff 
sets the LCD drive outputs X1-X160 to the V> 
level. A high Dispoff is normally used. — 





LCD Drive Outputs 


X1-X160: Each X outputs one of four voltage 
levels V;, Vo, V5, or V6, depending on the combi- 
nation of the M signal and the data level (figure 3). 
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Figure 1 Power Supply for LCD Driver 


Data shift direction 


Shift to right 
DIO1 — SR1 + SR2 > SR3 °« « -» SR160 > DIO2 


Shift to left 
DIO2 + SR160 + SR159 * «+» + SR1 > DIO1 


Note: SR1 to SR160 correspond to the outputs of X1 to X160, respectively. 





Figure 2 Selection of Data Shift Direction and Common Signal Scan Direction by SHL 


X output level 





Figure 3 Selection of LCD Drive Output Level 
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Block Diagram 
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Block Functions 
LCD Drive Circuit 


The 160-bit LCD drive circuit generates four 
voltage levels V;, V2, V5, and Ve, which drive the 
LCD panel. One of these four levels is output to 
the corresponding X pin, depending on the combi- 
nation of the M signal and the data in the shift 
register. 


Level Shifter 


The level shifter changes logic control signals 
(2.5 V-5.5 V) into high-voltage signals for the 
LCD drive circuit. 


Shift Register 


The 160-bit shift register shifts the data input via 
the DIO pin by one bit at a time. The one bit of 
shifted-out data is output from the DIO pin to the 
next driver IC. Both actions occur simultaneously 
at the falling edge of each shift clock (CL) pulse. 
The SHL pin selects the data shift direction. 
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Absolute Maximum Ratings 


Item Symbol Rating Unit Notes 
Power supply voltage for logic circuits Voc -0.3 to +7.0 V 1,5 
Power supply voltage for LCD drive circuits Viep —0.3 to +42 V 1,5 
Input voltage 1 V44 ~0.3 to Voc + 0.3 V 1,2 
Input voltage 2 Vio ~0.3 to Vicp + 0.3 V 1,3 
Input voltage 3 V3 —0.3 to +7.0 V 1,4 
Operating temperature Topr —20 to +75 °C 
Storage temperature T 51g ~40 to +125 °C 
Notes: 1. The reference point is GND (0 V). 

2. Applies to pins CL, M, SHL, DI, Dispoff, and CH. 

3. Applies to pins V, and Vg. 

4. Applies to pins Vo and Vs. 

5. Power should be applied to Vec—-GND first, and then Vi cp—GND. It should be disconnected in 

the reverse order. 
6. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. 


It should always be used within its specified operating range in order to prevent malfunctions or 
loss of reliability. 
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Electrical Characteristics 


DC Characteristics (Vcc = 2.5 V to 5.5 V, GND = 0 V, and T, = -20°C to +75°C, unless otherwise stated) 


Item | Symbol Pins Min. Typ. Max. Unit Test Condition Notes 
Input high Vin 1 08xVeo — Voc V 

voltage 

Input low Vit 1 0 _ 0.2xVoc V 

voltage | | 

Output high VOH. 2 Vec-0.4 — _ V lon = 0.4 mA 

voltage 

Output low VoL 2 — _ 0.4 V lo, = 0.4 mA 

voltage 

Vi-Xj on Ron 3 — 0.5 1.0 kQ lon = 150 pA 1 
resistance | | 

Input leakage led 1 -5 — 5 pA Vin = Vec to GND 
current 1 

Input leakage lite 4 -25 _ 25 HA = Vin = Vicp to GND 
current 2 | 

Current Ienp a — _ T.B.D pA 2 
consumption 1 

Current lLcp — —_ —  T.B.D yA 

consumption 2 

Current lenp — —_— — T.B.D pA 2 
consumption 3 

Current lLep — _ — T.B.D yA 


consumption 4 


Note: Pins: 1. CL,M, SHL, CH, DI, DIO1, DIO2, Dispoff 
2. DIO1, DIO2 
3. X1-X160, V 
4. V;, Vo, Vs, Ve 


sas HITACHI 





HD66115T 


Notes: 1. Indicates the resistance between one of the pins X1-X160 and one of the voltage supply pins 
V;, Vo, Vs, Or Vg, when load current is applied to the X pin; defined under the following 
conditions: 

Vicp-GND = 40 V 

V3, Ve = Veco — {1/20 (Viep-GND)} 

Vs, Vo = GND + {1/20 (Vicp~GND)} 
All voltages must be within AV, Vicp 2 V; 2 Vg 2 Vicp — 7.0 V, and 7.0 V 2 Ve 2 Vo 2 GND. 
Note that AV depends on the power supply voltage Vi cp—GND (figure 5). 


2. Input and output currents are excluded. When a CMOS input is left floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vj, and Vy, must be held at Voc 
and GND, respectively. 





Figure 4 Relation between Driver Output Waveform and Voltage Levels 





Voltage level range 


14 | 
Vicp-GNbD (V) 





Figure 5 Relation between V; cp-GND and AV 
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AC Characteristics (Vcc = 2.5 V to 5.5 V, GND = 0 V, and T, =—20°C to +75°C, unless otherwise stated) 


Item Symbol Pins Min Max Unit Notes 


Clock cycle time tcyc CL 400 — ns 
Clock high-level width towH CL 30 — ns 
Clock low-level width towL CL 370 — ns 
Clock rise time ty CL a — 30 ns 
Clock fall time ty CL — 30 ns 
Data setup time tos DI, DIO1, DIO2,CL 100 — ns 
Data hold time tou DI, DIO1, DIO2, CL = 30 — ns 
Data output delay time top DiO1, DlO2, CL — 350° ns 1 
M phase difference tm M, CL ~300 300 ns 
Output delay time 1 toads X (n), CL — 1.2 ps 2 
Output delay time 2 toa2 X (n), M — 1.2 ps 


AC Characteristics (Vcc = 5.0 V + 10%, GND = 0 V, and T, = -20°C to +75°C, unless otherwise stated) 


item Symbol Pins Min Max Unit Notes 


Clock cycle time — teyc CL - 400 — ns 
Clock high-level width towH CL 30 — ns 
~ Clock low-level width towL CL | 370 — ns 
Clock rise time t, CL — 30 ns 
Clock fall time ty CL — 30 ns 
Data setup time tos Di, DIO1, DlIO2, CL = 100 — ns 
Data hold time tou Di, DIO1, DIO2, CL 30 — ns 
Data output delay time top DIO1, DiO2, CL —_— 90 ns 1 
M phase difference ot M, CL -—300 300 ns 
Output delay time 1 toa X (n), CL | _ 0.7 us 
Output delay time 2 toga X(n), M — 0.7 us 


Note: 1,2 The load circuit shown in figure 6 is connected. 
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Test point a, 
*1: 30 pF 


yy #2: 100 pF 





Figure 6 Load Circuit 


DIO1, DiO2/ 
DI 
(input) 


DIO1, DiO2 


(output) 





Figure 7 LCD Controller Interface Timing 
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X160 
(COM160) 
DIO (output) 


x1 
(COM161) 


X2 
(COM1 62) 


X160 
(COM320) 
DIO (output) 


x1 
(COM 321) 
X2 


(COM 322) 
X160 
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Connection Examples 


Figures 8 and 9 show examples of how HD66115Ts 
can be configured to drive a 480-line LCD panel 
with a 1/240 duty cycle. Figures 10 and 11 show 
examples of how HD66115Ts can be configured to 
drive a 480-line LCD panel with a 1/480 duty 


DATA 
(Data of lines 1 to 240) 


IC1 
(SHL = high, CH = low) 


IC2 
(SHL = high, CH = low) 


A —— > DI 


x1 


X80 


DAT. 
(Data of lines 241 to 480) “4 X81 


DIO2 X160 


= 


IC3 
(SHL = high, CH = low) 


=) 
. J 
nm 
< 
(@>) om om Om ae ae ae om on o> om om me om 
oO 
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cycle. The HD66115T's 160 channels can be divid- 
ed into two groups of 80 channels, and its data shift 
direction can be changed by selecting the data out- 
put mode pin (CH) and data shift pin (SHL), 
respectively. 


LCD panel 


Line 160 
Line 161 


Line 241 


Line 320 


Line 321 


Line 480 





Figure 8 Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (1) 
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LCD panel 


oni, 


IC1 
(SHL = low, CH = low) 


Jeecdeeieecena Se 


DIO2 X160 Line 160 
Line 161 


Line 241 


Line 320 
Line 321 


IC3 , 
(SHL = low, CH = low) 


DATA ——®/DIO2 X160 Line 480 
(Data of lines 241 to 480) | | 


Figure 9 Dual-Screen Configuration of a 480-Line LCD Panel with a 1/240 Duty Cycle (2) 
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LCD panel 


ond, 


DATA 
(Data of lines 1 to 480) 
IC | 


1 
(SHL = high, CH = low) 


tt 


DIO2 X160 Line 160 


1 Line 161 


IC2 
(SHL = high, CH = low) 


X 
6 


DiO2 X160 Line 320 


5 


Line 321 


— 


IC3 
(SHL = high, CH = low) 


momen ene OK 





DIo2 X160 Line 480 


Figure 10 Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (1) 
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LCD panel 


ood, 


IC1 
(SHL = low, CH = low) 


tence selue Se 


DIO2 X160 Line 160 


Line 161 


IC2 
(SHL = low, CH = low) 


Line 320 


1 Line 321 


IC3 
(SHL = low, CH = low) 


eee OS eae nwe 


X 
6 


DATA —— | DIO2 x160] - Line 480 


(Data of lines 1 to 480) 


Figure 11 Single-Screen Configuration of a 480-Line LCD Panel with a 1/480 Duty Cycle (2) 
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HD61602/HD61603 
(Segment Type LCD Driver) 


Descripition 


The HD61602 and the HD61603 are liquid 
crystal display driver LSIs with a TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 


The HD61602 incorporates the power supply 
circuit for the liquid crystal display driver. 
Using the software-controlled liquid crystal 
driving method, several types of liquid crys- 
tals can be connected according to the 
applications. 


The HD61603 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 


Versatile segment driving capacity 


Display Frame Freq. (Hz) 
Type No. Driving Method Segments Example of Use at fog = 100 kHz Package 
HD61602 Static | 51 8 segments x 6 digits + 3 marks 33 yale 
1/2 bias 1/2 duty 102 8 segments X 12 digits + 6 marks 65 _ QFP 
1/3 bias 1/3 duty 153 9 segments x 17 digits 208 (Fe-80 A) 
1/4;duty 204 8 segments x 25 digits + 4 marks 223 TFP-80 
HD61603 Static 64 8 segments x 8 digits 33 80-pin 
Plastic 
QFP 
(FP-80) 


Ordering Information 


Type No. Package 

HD61602R 80-pin plastic QFP(FP-80) 
HD61602RH 80-pin plastic QFP(FP-80A) 
HD61603R 80-pin plastic QF P(FP-80) 


Features 


Wide-range operating voltage 

—Operates in a wide range of supply 
voltage: 2.2 V to 5.5 V 

—Compatible with TTL interface at 4.5 V 
to 5.5 V 

Low current consumption 

—Can run from a battery power supply 
(100 «A max. at 5 V) 

—Standby input enables standby opera- 
tion at lower current consumption (5 
“vA Max. on 5 V) 

Internal power supply circuit for liquid 

crystal display driver (HD61602) 

—Internal power supply circuit for liquid 
crystal display driver facilitates the 
connection to a microprocessor system 
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HD61602/HD61603 


Pin Arrangement (Top View) 


HD61603R 


(Top View) 





(FP-80) 


HD61602RH 





(FP-80A) 


(Top View) 
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Block Diagram 


HD61602 


SYNC 


LCD driving 
timing 
generator Common output 


2 | Data RAM write 
Sl oe aller timing 


el generator 
Data latch Parallel/serial Segment output 


8 bits x 2 converter ) (51 lines) 


Address 
decoder 


LCD driving Driving 
voltage voltage 
generator selection 





HD61603 






SYNC 
LCD driving 
timing 
READY generar Common 
ae) Gael output 
cs. Y. | Data 
WE Se) controller 
Do—D3 Data latch 
4 bitsx4 Segment 
[— — > output 
(64 lines) 


SB 
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Absolute Maximum Ratings 


' {Item Symbol Limit Unit 
Power supply voltage * Vop, Vi, V2, V3 0.3 to + 7.0 V 
Terminal voltage * Vr : 0.3 to Vpp — 0.3 V 
Operating temperature Topr -—20 to +75 °C 
Storage temperature | Tstg | | —55 to +125 °C 


* Value referenced to Vss = O V. 

Note: If LSis are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 


Recommended Operating Conditions 


Limit 
item Symbol Min Typ Max Unit 
Power supply voltage Vop 2.2 = 5.5 V 
Vi, V2, V3 0 = Vop V 
Terminal voltage * | Vr 0 S Vop V 
°C 


Operating temperature “Topr -—20 _ 75 


* Value referenced to Vss = O V. 
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Electrical Characteristics 
DC Characteristics (1) 
(Vss = 0 V, Von = 4.5 to 5.5 V, Ta = —20 to +75°C, unless otherwise noted) 


Limit 
item Symbol Min Typ Max Unit Test Condition 
Input high voltage OSC, | Vint 0.8Vpp — Vop V 
Others Vin2 2.0 = Vbp V 
Input low voltage OSC; Vint 0 = 0.2Voo V 
Others Vii2 0 = 0.8 V | 
Output leakage READY lon ue = 5 BA Vo = Vop 
current | 
Output low READY VoL a ssa 0.4 V lo. = 0.4 mA 
voltage 
Input leakage Input hes -1.0 —-: 1.0 wHA Vin = O-Vpp 
current terminal 
* 1 
V3 lia —20 = 20 uA VIN = 0O-V3 
V2, V3 lis -5.0 a 5.0 uA 
LCD driver voltage COMo—COM3 Vai — - 0.3 V +id = 3 »A for each 
drop COM, V3 = Vop—-3 V 
SEGo—SEGs0 Va2 = = 0:6 V +ld = 3 uA for each 
3 SEG, V3 = Vpp-3 V 
Power supply current lbp a = 100 LA During display* 
. Rosc = 360 kQ 
lop = = 5 BA At standby 
Internal driving Vi, V2, V3 Vir - = 0.4 V Verer2 = Voo—1 V, 
voltage drop C1-C,4 = 0.3 uf, 
RL = 3 MQ 


* Except the transfer operation of display data and bit data. 
*1 Vi, V2: apply only to HD61602. 
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DC Characteristics (2) 


(Vss = 0 V, Vop = 2.2 to 3.8 V, Ta = —20 to +75°C, unless otherwise noted) 


item 

Input high voltage 
Input low voltage 
Output leakage 
current 


Output low 
voltage 
Input leakage 


current 
* 1 


LCD driver voltage 
drop 


Power supply current 


Internal driving 
voltage drop 


* Except the transfer operation of display data and bit data. 
*1 Vi, V2: apply only to HD61602. 


846 


READY 
READY 


Input 
terminal 


Vi 
V2, V3 
COMo—COM3 


SEGo—SEGs0 


Vi, V2, V3 


Limit 
Symbol! Min Typ 
Vin 0.8Vpp — 
ViL O ~_ 
lon = ae 
VoL = = 
Niet -1.0 0O 
liv2 —20 = 
lis -5.0 - 
Vai = = 
Va2 = = 
Iss ea es 
Iss x 7 
Vir = s 
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Max 
Vop 
0.1Vpp 
5 


0.1Vpp 


1.0 


20 
5.0 
0.3 


0.6 


50 


Unit 
V 
V 


wA 


uA 


BLA 
uA 


BA 


LA 


Test Condition 
Vin = Vopo 

lo. = 0.04 mA 
Vin = O0-Vopb 
Vin = O-V3 


+Ild = 3 4A for each 
COM, V3 = Vpp—3 V © 
+ld = 3 #A for each 
SEG, V3 = Vpp—-3 V 
During display * 

Rosc = 330 kQ 

At standby 

Vrer2 = Voo—1 V, 
Ci1—-C,4 = 0.3 uF 

RL = 3 MQ, 

Voo = 3-3.8 V 





AC Characteristics (1) 
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(Vss = 0 V, Von = 4.5 to 5.5 V, Ta = —20 to+75°C, unless otherwise noted) 


item 

Oscillation frequency OSC>2 
External clock OSC, 
frequency 


External clock duty OSC, 
I/O signal timing 


Input signal rise time and fall time 


AC Characteristics (2) 


Limit 


Symbol Min Typ 


fosc 


fosc 


Duty 
ts 

tH 
tWH 
tWL 
twr 
to 
ten 
top1 


top2 » 


tr, tr 


70 100 
70 100 


40 50 
400 = 
10 me 
300 = 
400 > 
400 = 


400 = 
9.5 = 


Max 
130 
130 


60 


1.0 


10.5 


3.5 


25 


Unit 
kHz 
kHz 


% 

ns 

ns 

ns 

ns 

ns 

BS 

ns 
Clock 


Clock 


ns 


Test Condition 
Rosc = 360 kQ 


Figure 5 


For display 

data transfer 

For bit and mode 
data transfer 


(Vss = 0 V, Von = 2.2 to 3.8 V, Ta = —20 to+75°C, unless otherwise noted) 


item 

Oscillation frequency OSC2 
External clock OSC; 
frequency 


External clock duty OSC, 
I/O signal timing 
(Vpp = 3.0-3.8 V) 


Input signal rise time and fall time 


Limit 


Symbol Min Typ 


fosc 


fosc 


Duty 


ts 


ae 


tWH 
tWL 
toi 


ten 
top1 


top2 


tr, tt 


70 100 
70 100 


40 50 
135 = 
1.0 = 
1.5 = 
1.5 = 
1.5 a 
2.0 = 
9.5 = 


2.5" .. = 
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Max 
130 


130 


60 


2.0 


10.5 


3.5 


25 


Unit 
kHz 
kHz 


% 

“LS 

“US 

BS 

us 

“LS 

“us 

“us 
Clock 


Clock 


ns 


Test Condition 


Rosc=330 kQ 


Figure 6 


For display 
data transfer 


For bit and mode 
data transfer 
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Figure 1 Write Timing 
(RE is fixed at high level, and SYNC at low level) 





Figure 2. Reset/Read Timing 
(CS and SYNC are fixed at low level) 


‘top1,top2 





Figure 3 READY Timing 
(When the READY output is always available) 
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1 clock 





Figure 4 SYNC Timing 


Measurement 


Measurement 
terminal 
(READY) 


terminal 
(READY) 





Figure 5 Bus Timing Load Circuit Figure 6 Bus Timing Load Circuit 
(LS-TTL Load) (CMOS Load) 
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Terminal Functions 
HD61602 Terminal Functions 


Terminal No. of Connected 

Name Lines Input/Output to Function 

Vpop 1 Power supply Positive power supply. 

READY 1 NMOS open MCU While data is being set in the display data RAM and 

drain output | | mode setting latch in the LSI after data transfer, low 

is output from the READY terminal to inhibit the 
next data input. 
There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 

cs 1 Input MCU Chip select input. Data can be written only when 
this terminal is low. 

WE 1 Input MCU Write enable input. Input data of DO to D7 is lat- 

| ched at the rising edge of WE. 

RE 1 Input MCU Resets the input data byte counter. After both CS 

| and RE are low, the first data is recognized as the 
1st byte data. 

SB 1 input MCU High level input stops LSI operations. — 

1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 

Do—D7 8 Input MCU Data input terminal for 8-bit x 2-byte data. 

Vss 1 Power supply Negative power supply. 

VReF1 1 Output External Reference voltage output. Generates LCD driving 

R voltage. 

VreF2 1 Input External Divides the reference voltage of Vaeri with external 
R R to determine LCD driving voltage. Vrer2 = V1. 

Ve1, Vo2 2 Output ~ External Connection terminals for boosting C of LCD driving 
C voltage generator. An external C is connected 

_ between Vc; and Veo. 
Vi, V2, V3 3 Output External LCD driving voltage outputs. An external C is con- 
(Input) C nected to each terminal. 

COMo-COM3 4 Output LCD LCD common (backplate) driving output.. 

SEGo-SEGs0 51 Output LCD LCD segment driving output. 

SYNC 1 Input MCU Synchronous input for 2 or more chips applica- 
tions. LCD driver timing circuit is reset by high 
input. LCD is off. 

OSC; 2 Input External Attach external R to these terminals for oscillation. 

OSC2 Output R An external clock (100 kHz) can be input to OSC1. 


Note: Logic polarity is positive. 1 = high = active. 
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HD61603 Terminal Functions 


Terminal No. of Connected 

Name Lines Input/Output to Function 

Vop 1 Power supply Positive power supply. 

READY 1 NMOS open MCU While data is being set in the display data RAM and 
drain output mode setting latch in the LSI after data transfer, low 


is Output from the READY terminal to inhibit the 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 


cs 1 Input MCU Chip select input. Data can be written only when 
this terminal is low. 


WE 1 Input MCU Write enable input. Input data of Do to D3 is latched 
at the rising edge of WE. 


RE 1 Input MCU Reset the input data byte counter. After both of cs 
and RE are low, the first data is recognized as the 
1st byte data. 


SB 1 Input MCU High level input stops the LSI operations. 
1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do— D3 4 Input MCU Data input terminal from where 4-bit x 4 data are 
input. 

Vss 1 Power supply Negative power supply. 

V3 1 Input Power Power supply input for LCD drive. Voltage between 
supply Vop and V3 is used as driving voltage. 

COMo ot Output LCD LCD common (backplate) driving output. 

SEGo—SEGe63 64 Output LCD LCD segment driving output. 

SYNC 1 Input MCU Synchronous input for 2 or more chips applica- — 


tions. LCD driver timing circuit is reset by high 
input. LCD is off. 





OSC, 2 Input External Attach external R to these terminals for oscillation. 
OSCo2 Output R An external clock (100 kHz) can be input to OSC;. 


Note: Logic polarity is positive. 1 = high = active. 
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Display RAM 
HD61602 Display RAM 
The HD61602 has an internal display RAM 


shown in figure 7. Display data is stored in 
the RAM, or is read according to the LCD 


Common address 
(COMyp—COMS3) 


driving timing to display on the LCD. One bit 
of the RAM corresponds to 1 segment of the 
LCD. Note that some bits of the RAM cannot 
be displayed depending on LCD driving 
mode. 


Display RAM 


51 bits 





Segment address (SEGp—SEGeo) 





Figure 7 Display RAM 
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Reading Data from Display RAM: A dis- 
play RAM segment address corresponds to a 
segment output. The data at segment 
address SEGn is output to segment output 
SEGn terminal. 


A common address corresponds to the output 
timing of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 


LCD connection 


com | 
elt 


HD61602/HD61603 


is reproduced on the LCD panel. 

When a 7-segment type LCD driver is con- 
nected, for example, the correspondence 
between the display RAM and the display 
pattern in each mode is as follows: 


1. Static drive 
In the static drive, only the column of 
COMp of display RAM is output. COM: to 
COMs3 are not displayed. 


Display RAM 


ae ea 
VA AVA Ara ae 
Va 


Raw av alee 


PARES eS Cae ee 


SEGg 


2. 1/2 duty cycle drive 


In the 1/2 duty cycle drive, the columns of 


‘ LCD connection 


SEG, 


3. 1/3 duty cycle drive 


In the 1/3 duty cycle drive, the columns of 


COMp to COM? are output in time sharing. | 


No column of COMs is displayed. 








SEGg SEGiq SEG;; SEGi2 SEG;3 SEG, SEGis 


COM) and COM; of display RAM are out- 
put in time sharing. The columns of COMa2 
and COMs3 are not displayed. 


Display RAM 


SEG; SEGg SEG; SEGg SEGg 


“Y" cannot be rewritten by display data 
(input on an 8-segment basis). Please use 
bit manipulation to turn on/off the dis- 
play of “Y”. - 
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LCD connection 


Display RAM 


SEG, SEG, SEG; SEG, 





4. 1/4 duty cycle drive 


In the 1/4 duty cycle drive, all the col- 
-umns of COMp to COMs3 are displayed. 


LCD connection 
Display RAM 


SEG2 SEG3 SEG, 
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Writing Data into Display RAM: Data is 

written into the display RAM in the following 

five methods: 

1. Bit manipulation 
Data is written into any bit of RAM ona 
bit basis. 

2. Static display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

3. 1/2 duty cycle display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/2 duty cycle drive. 

4. 1/3 duty cycle display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/3 duty cycle drive. 

5. 1/4 duty cycle display mode 


(1) Static (2) 1/2 duty cycle 


display 
- COMoCOM:COM2 COM ,COM,COM2 
SEGo / SEG | 7 
SEG, SEG, 
SEG2 SEG2 
SEG3 SEG3 
“SEG, SEG, 
SEGs SEGs 
SEG. SEGe 
SEG, SEG? 
SEGs SEG, 
SEGo SEGo 
SEGio 
SEGii IA 
SEG12 
SEGi3 
SEGi4 
SEGi5 
SEGie 
SEG17 
SEGig 


SEGso| Ad12 Vv 


SEGso . : 


COM,COM,COM,COM3 | 


Figure 8 Allocation of Digit (HD61602) 


HD61602 /HD61603 


8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/4 duty cycle drive. 


The RAM area and the alocation of the seg- 
ment data for 1-digit display depend on the 
driving methods as described in “Reading 
Data from Display RAM”. 


8-bit data is written on a digit basis corre- 
sponding to the above duty cycle driving 
methods. The digits are allocated as shown 
figure 8 (allocation of digits). As the data can 
be transferred on a digit basis from a micro- 
processor, transfer efficiency is improved by 
allocating the LCD pattern according to the 
allocation of each bit data of the digit in the 
data RAM. . 

Figure 8 shows the digit address (displayed 


(3) 1/3 duty cycle (4) 1/4 duty cycle 
display display 


COMoCOM,COM2COM3 
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as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 
Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 


However, when the digit address is Ad6 for 
static, Ad12 for 1/2 duty cycle, or Ad25 for 1/ 
4 duty cycle, display RAM does not have 
enough bits for the data. 


Thus the extra bits of the input 8-bit data are 
ignored. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits) and a common address 
(2 bits) should be specified. 


HD61603 Display RAM 


The HD61603 has an internal display RAM an — 
shown in figure 10. Display data is stored in: 
the RAM and output to the segment output 
terminal. 


(1) Static display | (2) 1/2 duty display (3) 1/3 duty display 


COMo COM, 
xo [Be] 
souls fe 
souls fa 


COM> COM; COM2 


SEGsn+1 


SEG3n+2 





soools [i 


(4) 


1/4 duty display 


COM, COM, COM, COM; 


won [#T 6 [5 [+ 
soool fe fs 


Figure 9 Bit Assignment in an Adn (HD61602) 





cons { Display RAM 
——_--  eY 


64 bits 


Segment address (SEGo—SEGe3) 





Figure 10 Display RAM (HD61603) 
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Reading Data from Display RAM: Each 
bit of the display RAM corresponds to an LCD 
segment. The data at segment address SEGn 
is output to segment output SEGn terminal. 
Figure 11 shows an example of the corre- 
spondence between the display RAM bit and 
the display pattern when a 7-segment type 
LCD is connected. 


Writing Data into Display RAM: Data is 
written into the display RAM in the following 
two methods: 
1. Bit manipulation 

Data is written into any bit of RAM ona 


LCD connection 


HD61602/HD61603 


bit basis. 

2. Static display mode 
8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


Display RAM 


non a oe el oa 


SEGg SEGg SEG1o SEG}; SEG. SEG;3 SEG;4 SEG;5 SEGi¢ 





Figure 11 Example of Correspondence between Display RAM Bit and Display Pattern 


(HD61603) 
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In bit manipulation, any one bit of display red on a bit basis, 1-bit display data and a 
RAM can be written. When data is transfer- segment address (6 bits) should be specified. 


SEGen 

SEGgn+1 
SEGan+2 
SEGgn+3 


SEGen+4 


SEGan+5| 


SEGan+6 


SEGen+7 


SEGss 
SEGso]Ad7 
| SEGeo 
SEGe: 
SEGe2 
SEGes 





Figure 12 Allocation of Digits Figure 13 Bit Assignment in an Adn 
(HD61603) ‘(HD61603) 
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OPERATING MODES 


HD61602 Operating Modes 
The HD61602 has the following operating 
modes: 


1. 


LCD drive mode 

Determines the LCD driving method. 

a. Static drive mode 
LCD is driven statically. 

b. 1/2 duty cycle drive mode 
LCD is driven at 1/2 duty cycle and 1/ 
2 bias. 

c. 1/3 duty cycle drive mode 
LCD is driven at 1/3 duty cycle and 1/ 
3 bias. 

d. 1/4 duty cycle drive mode 
LCD is driven at 1/4 duty cycle and 1/ 
3 bias. 


2. Data display mode 


Determines how to write display data 
into the data RAM. 
a. Static display mode 
8-bit data is written into the display 
RAM according to the digit in static 


HD61602/HD61603 


drive. 

b. 1/2 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/2 
duty cycle drive. 

c. 1/3 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/3 
duty cycle drive. 

d. 1/4 duty cycle display mode 
8-bit data is written into the display 
RAM according to the digit in 1/4 
duty cycle drive. 


READY output mode 

Determines the READY output timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
the READY is output can be selected from 
the following two modes: 


a. READY is mode always available. 


READY ‘ / | ! 
| { 
Data transfer SS Input inhibit ————————_—___e Leo Next data 
] 


period period | | transfer 





b. READY is mode available by CS and 
RE. | 


| | 
Data transfer eg a Input inhibit ———————————_»>»} p~e-— Next data 


‘period period transfer 





4. LCD OFF mode 
In this mode, the HD61602 stops driving 
LCD and turns it off. 


5. External driving voltage mode 
A mode for using external driving voltage 
(Vi, V2, and V3). | 
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The above 5 modes are specified by mode tion. Bit manipulation is independent of data 
setting data. The modes are independent of display mode and can be used regardless of it. 
each other and can be used in any combina- 





HD61603 Operating Modes 


The HD61603 has the following modes: not be acknowledged during the proces- 

1. READY output mode sing period. The READY output reports 
Determines the READY output timing. the period to the MPU. The timing when 
After a data set is transferred, the data is READY is output can be selected from the 
processed internally. The next data can- following two modes: 


a. READY is always available. 


READY NN ee ee 
| | 


| 
| | 
Data transfer ———}xe—________ Input inhibit —————_—___—_—_—_> }—a—- Next data 


period period transfer 





b. READY is mode available by CS and 


ee 
| | | 


. | | 
Data transfer ———_—________——_ Input inhibit >| ~~ Next data 
period period transfer 





2. LCD OFF mode 
In this mode, the HD61603 stops driving 
the LCD and turns it off. 
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INPUT DATA FORMATS 


HD61602/HD61603 


HD61602 Input Data Formats 3. Mode setting data 


Input data is composed of 8 bits < 2. Input 
them as 2-byte data after READY output 
changes from _low to high or low pulse is 
entered into RE terminal. 


1. Display data (Updates display on an 8- 
segment basis) 


1st byte 


x Display address 
(Digit address Adn) 
7 


6 5 4 3 2 1 0 


2nd byte a. 
Display data 


7 6 5 4 3 2 1 0 


a. Display address: Digit address Adn in b. 
accordance with 
display mode 

b. Display data: Pattern data that is 
written into the Cc. 


display RAM 
according to display 
mode and the 


address 
d. 
2. Bit manipulation data (Updates display 
on a segment basis) 
1st byte 
Disp! COM 
poy fed] | «| cate 
7 6 5 4 3 2 1 O 

e. 

2nd byte 


SEG address 
7 6 


5 4 3 2 1 0 


a. Display data: Data that is written 
into 1 bit of the 


lst byte 
b To [To] l= 
7 6 5 4 3 2 1 + O 


2nd byte 


OFF/ON] Display 


External 
power 
supply 


7 6 i ee Ae 0 
Display mode bits: 
00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 
OFF/ON bit: 
1: LCD off (set to 1 when SYNC is 
entered.) 
0: LCD on 
Drive mode bits: 
00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 
READY bit: 
0: READY bus mode; READY out- 
puts 0 only while CS and RE are 
0. (reset to 0 when SYNC is 
entered.) 
1: READY port mode; READY 
outputs 0 regardless of CS and 
RE. 
External power supply bit: | 
0: Driving voltage is generated 
internally. 
1: Driving voltage is supplied 
externally. (set to 1 when SYNC 
is entered.) 


specified display 4. 1-byte instruction 
RAM 1st byte 


b. COM address: Common address of 
display RAM 7 e 
c. SEG address: Segment address of 
7 6 5 4 3 2 1 0 


display RAM 


The first data (first byte) is ignored when 
bit 6 and bit 7 in the byte are 1. 
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HD61603 Input Data Formats 


Input data is composed of 4 bits x 4. Input 
them as four 4-bit data after READY output 
changes from low to high or low pulse is 
entered into RE terminal. 


1. Display data (Updates display on an 8- 
segment basis.) 


1st byte 2nd byte 


Display address 
: @) 3 2 | 1 0) 


3 2 


3rd byte 4th byte 
Display data Display data 
Bit? 6 5 4 Bits 2 1 0] 
i 2 1 0 3 2 1 0 


a. Display address: Digit address Adn 
shown in figure 12. 
Pattern data that is 
written into the 
display RAM as 
shown in figure 13. 


b. Display data: 


2. Bit manipulation data (Updates display 
on a segment basis.) 


Ist byte 2nd byte 


| Display } 
ao ee px x[ oo 
1 O 


3 2 3° 2 1 0) 


3rd byte 4th byte 


x yx {SEG address} | SEG address 
Bits, 4 Bt3, 2, 1,0 


3 2 1 0 3 2 1 0 


a. Display data: Data that is written 
into 1 bit of the 
specified display 
RAM. 

Segment address of 
display RAM (seg- 
ment output). 


b. SEG address: 


3. Mode setting data 
1st byte 2nd byte 


3 2 1 0 3 2 1. QO 
3rd byte 4th byte 
elo 

pot 

3 2 1 O 3 2 1 


a. OFF/ON bit: 
1: LCD off (set to 1 when SYNC is 
entered.) ; 
0: LCD on 
b. READY bits: 
0: READY bus mode; READY out- 
puts 0 only while CS and RE are 
0. (reset to 0 when SYNC is 
entered.) 
1: READY port mode; READY 
outputs 0 regardless of CS and 
RE. 


4. 1-byte instruction 


1st byte 


Er 


3 2 1 #O 
The first data (4 bits) is ignored when bit 
3 and 2 in the data are 1. 
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How To Input Data 


How to Input HD61602 Data 

Input data is composed of 8 bits <x 2. Take 
care that the data transfer is not interrupted, 
because the first 8-bit data is distinguished 
from the second one by the sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of bytes (count 
of the first and second bytes): 

1. Set CS and RE inputs low (no display data 


Power on 


' 


HD61602/HD61603 


changes). 

2. Input 2 or more “1-byte instruction” data 
in which bit 7 and 6 are 1 (display data 
may change). 

The data input method via data input termi- 

nals (CS, WE, Do to D7) is similar to that of 

static RAM such as HM6116. An access of the 

LSI can be made through the same bus line as 

ROM and RAM. When output ports of a 

microprocessor are used for an access, refer to 

the timing specifications and figure 14. 


WE / : LS VS SNS SNS 


BEF __Neeeeeeeeee_—_ee 
E’ £6 *4 : 
r---o— -- *5 
READY cccigg °° ~COC~*~CSCSC Nee Ng ee 
#5 #5 
- #2 
er CS, CRE oe 


SB 9 a pr SSS SA TD 


Mode setting data 


Mode setting data Display data 


READY output is indefinite during 12 clocks after the oscillation start 


at power on (clock: OSC, clock). 


High pulse should be applied to SYNC terminal when using two or more 


chips synchronously. 


In the mode in which READY is always available, READY output is 


in definite while SYNC is high. 


Reset the byte counter after power on. 


READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 


bits) is updated. 


Connect a pull-up resister if WE or RE may be floating. 
It is not always necessary to follow this example. 





Figure 14 Example of Data Transfer Sequence 
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How to Input HD61603 Data 

Input data is composed of 4 bits <x 4. Take 
care that data transfer is not interrupted, 
because the first 4-bit data to the fourth 4-bit 
data are distinguished from each other by the 
sequence only. 


If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of data (count 
of the first 4-bit data to the fourth 4-bit data): 


Power on 


READY ee 
* 1 


1. Set CS and RE low. 

2. Input 4 or more “1-byte instruction” data 
(4-bit data) in which bit 3 and 2 are 1 
(display data may change). 

The data input method via data input termi- 

nals (CS, WE, DO to D3) is similar to that of 

static RAM such as HM6116. An access of the 

LSI can be made through the same bus line as 

ROM and RAM. When output ports of a 

microprocessor are used for an access, refer to 

the timing specifications and figure 15. 


a — a eee es 
3 


*5 *5 


S|: cea 


Do-D3 ———<__> (ise K2oaX sea Koes ee Ramses see Kee Kaas ra sen 
Mode setting data 


Mode setting data 


Display data 


READY output is indefinite during 12 clocks after the oscillation start 


at power on (clock: OSC> clock). 


High pulse should be applied to SYNC terminal when using two or more 


chips synchronously. 


In the mode in which READY is always available, READY output is in- 


definite while SYNC is high. 


Reset the 4-bit data counter after power on. 
READY output period is within 3.5 clocks in the mode setting operation 
and bit manipulation or within 10.5 clocks when the display data (8 


bits) is updated. 


Connect a pull-up resister if WE or RE may bs floating. 
It is not always necessary to follow this example. 





Figure 15 Example of Data Transfer Sequence 
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Notes on READY Output 


Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled until the completion 
of mode setting. 


There are two kinds of the READY output 
waveforms depending of the modes: 


Power on 


K_tst_ X_2nd_ 


V/A READY output is unsettled. 
Mode setting data A 


(2-byte data) 11.5 clocks (max) 


Wh 


Mode setting latch is unsettled. ' 


Power on 


Note: CS = low 


Power on 


Note : CS = low, RE = high 





Figure 16. READY Output According to Modes 


(1) READY Bus Mode 


(2) READY Port Mode 


HD61602/HD61603 


1. READY bus mode (READY bit = 0) 


2. READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
16 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61602 and 
HD61603. 


Mode setting data are 
latched. 


1.5 clocks (max) 


3.5 clocks (max) 
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Standby Operation 

Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB’is high 
level. The standby state of the LSI is as fol- 
lows: 


1. LCD driver is stopped (LCD is off). 
2. Display data and operating mode are 
held. 


3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 


When this mode is not used, connect pin SBto . 
Vss. 





Multichip Operation 


When an LCD is driven with two or more 
chips, the driving timing of the LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See 3. Mode 
Setting Data in “Input Data Formats”.) Trans- 
fer the mode setting data into the LSI after 


every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 


When SYNC input is not used, connect pin 
SYNC to Vss. 


When SB input is used, after standby mode is 
released, a high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 





Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (2 1 uwF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 





Liquid ores Display Drive Volt- 
age Circuit (HD61602) 


What is LCD Voltage? 


HD61602 drives liquid crystal display using . 
four levels of voltages (figure 17); Vpp, Vi, V2; 
and V3 (Vpp is the highest and V3 is the 
lowest). The voltage between Vpp and V3 is 
called Vicp and it is necessary to apply the 
appropriate Vicp according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 
ce it supplies the voltage to the BOP drive 
circuit of HD61602. 





Figure 17 LCD Output Waveform and 
Output Levels 
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When Internal Drive Power Supply 
is Used 


When the internal drive power supply is 
used, attach C:—C, for charge pump circuits 
and variable resistance R; for deciding dis- 
play drive voltage to HD61602 as shown in 
figure 18. 


Internal voltage is available by setting 
external voltage switching bits of mode set- 
ting data 0. 


Figure 19 shows voltage characteristics 
between Vpp and Vreri. Voltage is divided at 
Ri, and then input into Vrerz. Voltage 
between Vpp and Vrerz is equivalent to AV in 


Power 


R,= 1 MQ Variable 
C,=0.3 uF 
Co—C4= 0.3 4F 
C5=0.1 to 0.3 uF 
C52 1 LF 





HD61602/HD61603 


figure 19, and so Vicp can be changed by 
regulating the voltage. 


Vrer2 is usually regulated by variable resis- 
tance, but when replacing R: with two 
nonvariable resistances take Vreri between 
max and min into consideration as shown in 
figure 19. 


Internal drive power supply is generated by 
using capacitance, and so large current can- 
not flow. When large liquid crystal display 
panel is used, examine the external drive 
power supply. : 


Charge 
pump 
circuit 


HD61602 


Figure 18 Example 
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When External Drive Power Sup- 
ply is Used 


An external power supply can be used by 
setting external voltage switching bits of 
mode setting data to 1. When a large liquid 
crystal display panel is used, in multichip 
designs, which need accurate liquid crystal 
drive voltage, use the external power supply. 
See figure 20. ; 


R2—Rs is connected in series between Vpp 


and Vss, and by these resistance ratio each 
voltage of AV and Vicp is generated and then 
supplied to Vi, V2, and V3. C2—C,4 are smooth- 
ing capacitors. 


When regulating brightness, change the 
resistance value by setting Rs variable resis- 
tance. 





Voltage Characteristics 
between Vpp and Vren 


(1) Static Drive 


(2) 1/2 Duty Cycle Drive 


(3) 1/3 and 1/4 Duty Cycle Drive 


Note: 1. When standby mode is used, a transistor is required. 
2. Ro—Rs should be some k 2 -some tens of k2, and Co—C, should be 0.1 wF—0.3 uF. 
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Figure 20 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD6 603) 


As shown in figure 21, apply LCD drive volt- 
age from the external power supply. 


Oscillation Circuit 
When Internal Oscillation Circuit is Used When External Clock is Used 


When the internal oscillation circuit is used, When an external clock of 100 kHz with 
attach an external resister Rosc as shown in | CMOS level is provided, pin OSC; can be used 
figure 22. (Insert Rosc as near chip as possible, for the input pin. In this case, open pin OSC2z. 


and make the OSC1 side shorter.) 


Positive power 
supply 


OSC; OSC2 | OSC; OSC, 


Multichip operation 





Figure 22 Example of Oscillation Circuit 
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Applications 


HD6809 
CPU 


Liquid crystal 





Figure 23 Example (1) 


HD74LS138 





Figure 24 Example (2) 
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HD61604/HD61605 
(Segment Type LCD Driver) 


Description 


The HD61604 and the HD61605 are liquid 
crystal display driver LSIs with TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 


Features 


@e Low current consumption 
—Can drive from a battery power supply 
(100 «A max on 5 V). 
—Standby input enables a standby oper- 
ation at lower current consumption (5 


#A max on 5 V). 
Several types of liquid crystal displays can be 


connected to the HD61604 according to the 
applications because of the software- 
controlled liquid crystal dispay drive method. 


The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 





Ordering Information 


Type No. Package 
HD61604R BOG clack 
ipe1605R. -pin plastic QFP(FP-80) 





Versatile Segment Driving Capacity — 


Display Frame Freq (Hz) 
Type No. Drive Method Segments Example of Use at fosc=100 kHz 
HD61604R Static 51 - 8 segments x 6 digits + 3 marks 98 
1/2 bias 1/2 duty cycle 102 8 segments X 12 digits + 6 marks 195 
1/3 bias 1/3 duty cycle 153 9 segments x 17 digits 521 
1/4 duty cycle 204 8 segments < 25 digits + 4 marks 781 
HD61605R Static 64 | 8 segments x 8 digits 98 
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Pin Arrangement 


HD61604R | HD61605R 


N N 
o © 
Ud 

w w 
a z 
8 3 


SEGsg [" ]22 
SEGsa[_ 23 
ai{_] SEG36 SEGs3 [_]24 aif] SEG3e 


(Top View) 
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HD61604/HD61605 


Block Diagram 


HD61604 





HD61605 





LCD drive 
timing 
generator | Common output 


(4 lines) 


Parallet/serial Segment output 
Display (51 lines) 
data RAM 


Data latch 
8 bits x2 converter 


Address 
decoder 


Operation 
mode 


Vi 
LCD drive 


voltage voltage 


selection 


Figure 1 HD61604 Block Diagram 


LCD drive 
timing 
generator 


Data latch 


4 bits x 4 Segment 
output 
(64 lines) 


Figure 2 HD61605 Block Diagram 
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Pin Functions 


Table 1 shows the HD61604 pin description. 
Table 2 shows the HD61605 pin description. 


HD61604 Pin Function 


READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Dp to D; is latched at the positive 
edge of WE. 


RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the 1st byte data. 


SB (Standby): High level input stops the LSI 
operations. 


1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do—D, (Data Bus): Data input pin from 
which 8-bit < 2-byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chip applications. LCD drive 


timing generator is reset by high input. LCD 
is off. 


COM. -COM:(Common): LCD common 
(backplate) drive output. 


SEGo —SEGso0 eeoment): 
drive output. 


Vi, V2, V3 (LCD Voltage): Power supply for 
LCD drive. 


OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100.kHz) can be input from OSC1. 
Ve1, Ve2: Do not connect any wire. 


Vreri: Connect this pin to Vi pin. 


Vrer2: Hold at Vpp level. 


LCD segment 


Vopp: Positive power supply. 
Vss: Negative power supply. 
HD61605 Pin Function 


READY (Ready): During data setting in the 


. display data RAM and mode setting latch in 


the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 


There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 


CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 


WE (Write Enable): Write enable input. 
Input data of Do to Ds is latched at the posi- 
tive edge of WE. 


RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 


SB (Standby): High level input stops the LSI 
operations. 


1. Stops oscillation and clock input. 
2. Stops LCD driver. 
3. Stops writing data into display RAM. 


Do-— D3: Data input pin from which 4-bit x 4- 
byte data is input. 


SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 


_ timing generator is reset by high input. LCD 


is off. 


COMbd (Common): LCD common (backplate) 
drive output. 


SEGo—SEGe3: (Segment): 
drive output. 


LCD segment 


OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. 


V3 (LCD Voltage): Power supply input for 


‘LCD drive. 


Voltage between Vpp and V3 is used as drive 
voltage. 


Ves: Negative power supply. 
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Vopp: Positive power supply. 


Table 1 HD61604 Pin Description 


Pin No.of Connected 

Name Lines Input/Output to 

READY 1 NMOS open MCU 
drain output 

cs 1 Input MCU 

WE 1 Input MCU 

RE 1 Input MCU 

SB 1 Input MCU 

Do— D7 8 Input MCU 

SYNC 1 Input MCU 

COMo— 4 Output LCD 

COMs 

SEGo— 51 Output LCD 

SEGs0 

Vi, V2, V3 3 Power supply External R 

OSC1, 2 input, output External R 

OSC2 

Vci, Vc2 2 Output 

VREF1 1 Input V; 

VREF2 1 Input | Vop 

Vop 1 Power supply 

Vss 1 Power supply 


Note: Logic polarity is positive. 
1 = high = active. 
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Table 2 HD61605 Pin Description 


Pin No.of Connected 
Name Lines Input/Output to 
READY 1 NMOS open MCU 
drain output 

cs 1 Input MCU 
WE 1 Input MCU 
RE 1 Input MCU 
SB 1 Input MCU 
Do— D3 4 Input MCU 
SYNC 1 Input MCU 
COMo 1 Output LCD 
SEGo-SEGe3 64 Output LCD 
OSC1, 2 Input, output External R 
OSC2 | 
V3 1 Input Power 

| supply 
Vss 1 Power supply 
Vop 1 Power supply 


Note: Logic polarity is positive. 
1 = high = active. 
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Display RAM 
HD61604 Display RAM 


The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
_ the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to 1 segment of LCD. 
Note that some bits of the RAM cannot be 
displayed depending on LCD drive modes. 


Reading Data from HD61604 Display 
RAM | 

A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 


A common address corresponds to the output 


Common address 
(COM p—COMS3) 


timings of a common output and a segment 
output. The same common address data is 


- simultaneously read. The data of display RAM 


is reproduced on the LCD panel. 


The following shows the correspondence 
between the 7-segment type LCD connec- 
tion and the display RAM in each mode. 


1. Static Drive: In static drive, only the 
column of COMo of display RAM is output. 
COM: to COMs are not displayed (figure 
4). 


2. 1/2 Duty Cycle Drive: In the 1/2 duty 
cycle drive, the columns of COMo and 
COM ; of display RAM are output in time 
sharing. The columns of COM2 and 
COMs are not displayed (figure 5). 


Display RAM 


51 bits 


Segment address (SEGo—SEG50) 





Figure 3 Display RAM (HD61604) 


LCD connection 


(Static Drive, HD61604) 





Display RAM 


SEGg SEGg SEG19SEG,1SEG12SEG13SEG;4SEG15 


Example of Correspondence between LCD Connection and Display RAM 
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1/3 Duty Cycle Drive: In the 1/3 duty 
cycle drive, the columns of COM) to COM 
2 are output in time sharing. No column of 
COMs is displayed. “y” cannot be rewrit- 
ten by display data (input on an 8-seg- 
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in turning on/off the display of “y” cycle 
(figure 6). , 


1/4 Duty Cycle Drive: In the 1/4 duty 
cycle drive, all the columns of COMo to 


ment basis). Please use bit manipulation COMs3 are displayed (figure 7). 


LCD connection 
Display RAM 


SEG, SEGs SEGg SEG, 





Figure 5 Example of Correspondence between LCD Connection and Display RAM 
(1/2 Duty Cycle, HD61604) 


Display RAM 


SEG, SEG, SEG, 





Figure 6 Example of Correspondence between LCD Connection and Display RAM 
(1/3 Duty Cycle, HD61604) 


Display RAM 


SEG, SEG, 


” 


Figure 7 Example of Correspondence between LCD Connection and Display RAM 
(1/4 Duty Cycle, HD61604) , 
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Writing Data into HD61604 Display RAM 4. 1/3 Duty Cycle Display Mode: 8-bit 

data is written on a digit basis according 
Data is written into the display ee in the to the 7-segment type LCD pattern of 1/3 
following five methods: duty cycle drive. 


1. Bit Manipulation: Data is written into 5. 1/4 Duty Cycle Display Mode: 8-bit 


any bit of RAM on a bit basis. data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/ 4 
2. Static Display Mode: 8-bit data is writ- | duty cycle drive. 
ten on a digit basis according to the 7- | 
segment type LCD pattern of static drive. The RAM area and the allocation of the seg- 


ment data for 1-digit display depend on the 
3. 1/2 Duty Cycle Display Mode: 8-bit drive methods as described in the section of 


data is written on a digit basis according “Reading Data from Display RAM”. 
to the 7-segment type LCD pattern of 1/2 
duty cycle drive. | 8-bit data is written on a digit basis corre- 


sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 


(1) Static (2) 1/2DutyCycle (3) 1/3 Duty Cycle (4) 1/4 Duty Cycle 
Display Display Display 


COMcoCOM:COM2 COM,COM:COM2, = COM ,COM,COM2COM; COM ,COM,COM,COM; 
SEGo FA SEGo 7 
SEG, SEG, 

SEG2 SEG, 

SEG; SEG; 

SEG, SEG, a 
SEG; SEG; 

Ad1 

SEG. SEGe 

SEG, SEG? 

SEG, | SEGs | 
SEG» SEG, do | 
SEGi0 SEG io 

SEG), SEG,;| 
SEGi2 SEG12 

SEGi3 SEGi3 

SEGi4 | SEG 14 

SEGis SEGis 

SEGie6 SEGie] 
SEGi7 SEGi7 
SEGig SEGia | 


A 


SEGso . SEGso 





Figure 8 Allocation of Digits (HD61604) 
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As the data can be transferred on a digit basis 
from a microprocessor, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 


Figure 8 shows the digit address (displayed 
as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 


Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 


When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 
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However, when the digit address is Ad6 of 
static, Ad12 of 1/2 duty cycle, or Ad25 of 1/4 
duty cycle, display RAM does not have 
enough bits for the data. Thus the extra bits 
of the input 8-bit data are ignored. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits)s and a common address _ 
(2 bits) should be specified. 


HD61605 Display RAM 


The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. 


(1) Static Display (2) 1/2 Duty Display (3) 1/3 Duty Display 


COMo 


SEGs 

SEGen+1 
SEGgn+2 
SEGan+3 
SEGen+4 
SEGen+5 
SEGen+6 


SEGsgn+7 





COM> COM, 
SEGan Btls 
SEGan+1 ps] a 
SEGan+2 et 
SEGanss ae 


(4) 


SEG, 





COM> COM, COM2 





1/4 Duty Display 


COM, COM, COM2 COM3 


SEGan+1 


Figure 9 Bit Assignment in an Adn (HD61604) 


coats —— == Display Po SiDisplayRAM 


ee bits 
Segment address (SEGo—SEGes3) 





Figure 10 Display RAM (HD61605) 
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Reading Data from HD61605 Display 
RAM : 


Each bit of the display RAM corresponds to 
an LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between the 7-segment type LCD 
connection and the display RAM . 


Writing Data into HD61605 Display RAM 


Data is written into the display RAM in the 
following two methods: 


1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 


LCD connection 





2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 


The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 


In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 


Display RAM 


fan ol SEC 


SEGg. SEG SEG 10 SEG; ; SEG;2SEG13 SEG 14SEGi5 


Figure 11 Example of Correspondence between LCD Connection and Display RAM 


(HD61605) 
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SEGen+6 


SEGgn+7 





Figure 12 Allocation of Digits Figure 13 Bit Assignment in an Adn 
(HD61605) (HD 61605) | 
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Operating Modes 


HD61604 Operating Modes - 1/2 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
The HD61604 has the following operating ing to the digit in 1/2 duty cycle drive. 
modes: 

- 1/3 duty cycle display mode: 8-bit data 
1. LCD Drive Mode: Determines the LCD is written into the display RAM accord- 
drive method. ing to the digit in 1/3 duty cycle drive. 
-Static drive mode: LCD is driven - 1/4 duty cycle display mode: 8-bit data 
statically. | is written into the display RAM accord- 
| ing to the digit in 8 duty cycle display 

- 1/2 duty cycle drive mode: LCD is driven | drive. 


with 1/2 duty cycle and 1/2 bias. | | 
3. READY Output Mode: Determines the 
- 1/3 duty cycle drive mode: LCD is driven READY output timing. 
with 1/3 duty cycle and 1/3 bias. 
After a data set is transferred, the data is 


- 1/4 duty cycle drive mode: LCD is driven processed internally. The next data can- 
with 1/4 duty cycle and 1/3 bias. not be acknowledged during the proces- 

| sing period. The READY output reports 

2. Data Display Mode: Determines how to the period to the MPU. The timing when 
write display data into the data RAM. READY is output can be selected from the 


following two modes: 
‘ Static display mode: 8-bit data is writ-. 
ten into the display RAM according to * READY is always available (figure 14). 
the digit in static drive. | 


- READY is made available by CS and RE 
(figure 15). 


| 
Data transfer es Input inhibit eer! Ls Next data 
I transfer 


! 
period pa? 





Figure 14 READY Output Timing (When It is Always Available) 


| | 
Data transfer ———_—_>}-.«____—_—__—__—— Input nr evan NR Next data 
period period | transfer 





Figure 15 READY Output Timing (When It is Made Available by CS and RE) 
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4. LCD Off Mode: In this mode, the 
HD61604 stops driving the LCD and turns 
it off. 


The above 4 modes are specified by mode 
setting data. The modes are independent of 
each other and can be used in any combina- 
tion. The bit manipulation is independent of 
data display mode and can be used regard- 
less of it. 


HD61605 Operating Modes 


The HD61605 has the following operating 
modes: 


1. READY Output Mode: Determines the 
READY output timing. 


CS 
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After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 


- READY is always available (figure 16). 


- READY is made available by CS and RE 
(figure 17). 


LCD Off Mode: In this mode, the 
HD61605 stops driving the LCD and turns 
it off. 


eae eae 


READY SS iain Sama 
| | 


Data transfer ————_>}————___$_$____________ 


period 





| | 
Input inhibit ————————_—_—— j—a-— Next data | 
period 


; transfer 


Figure 16 READY Output Timing (When It is Always Available) 


| | oe | 
Data transfer ——>-—_____________ Input inhibit--——__-____-—_>{ 


period 


period 





| 
j~—a— Next data 
transfer 


Figure 17 READY Output Timing (When It is Made Available by CS and RE.) 
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Input Data Formats 


HD61604 Input Data Formats 


Input data is composed of 8 bits x 2 bytes. 
Input them as 2-byte data after READY out- 
put changes from low to high or low pulse 
enters into RE pin. 


1. 


Display Data: Updates display on an 8- 


segment basis. 


1st byte 
x Display address 
= address Adn) 
7 6 5 1 O 
2nd byte 


Display data 


7 6 5 4 3 2 1 «0 


- Display address: Digit address Adn in 
accordance with display mode 

- Display data: Pattern data written into 
the display RAM according to display 
mode and the address 


2. Bit Manipulation Data: Updates display 
-on a segment basis. 


884 


1st byte 
Display COM 
data address 
2nd byte 


- SEG address 


6 5 4 3 2 1 0 


sfx 


- Display data: Data written into 1 bit of — 


the specified display RAM 

- COM address: Common address of dis- 
play RAM 

-SEG address: Segment address of dis- 
play RAM 
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3. Mode Setting Data: 


1st byte 


bit h its 
OFF/O Display 
x x x 


7 #66 5 4 3 2 1 0) 


2nd byte 





- Display mode bits: 


00: Static display mode 

01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 


- OFF/ON bit: 


1: LCD off (set to 1 when SYNC is 
entered) 
0: LCD on 


- Drive mode bits: 


00: Static drive 

01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 


- READY bit: 


0: READY bus mode: READY outputs 0 
only while CS and RE are 0 (reset to 
O when SYNC is entered) 

1: READY port mode: READY outputs 
0 regardless of CS and RE 


Note: Input the same data to display mode bits 


and drive mode bits. 


4. 1-Byte Instruction: The first data (first 
byte) is ignored when the bit 6 and bit 7 
in the data are 1. 


1st byte 


fafatxpef ede fx pe 
7 6 5 4 3 2 1 +O 





HD61605 Input Data Formats 


Input data is composed of 4 bits < 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 


1. Display Data: tipaaise aepley on an 8- 
segment basis. 


1st byte 2nd byte 
Display address 
3 2 1 0) 3 2 1 O 


3rd byte 4th byte 


Display data Display data 
Bit7, 6 5 4 Bits 2 1 O 
3 2 1 0 3 2 1 0) 


- Display address: Digit address Adn 
shown in figure 12. 

- Display data: Pattern data written into 
the display RAM as shown in figure 13. 


2. Bit Manipulation Data: Updates display 
on a segment basis. 


1st el 2nd rey 


3rd byte 4th byte 
SEG address SEG address 
Bit5, 4 Bit3. 2 1 O 
3 2 1 #0 3 2 1 +0 


- Display data: Data written into the 1 bit 
of the specified display RAM. 

-SEG address: Segment address of dis- 
play RAM (segment output). 
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3. Mode Setting Data: 


1st byte 2nd byte 
3 2 1 0 3. 2 1 0 
3rd byte 4th byte 
[= free To 
3 2 1 0 od 1 
- OFF/ON bit: 
1: LCD off (It is set to 1 when SYNC is 
entered) 
0: LCD on 
- READY bit: 


0: READY bus mode: READY outputs 0 
only while CS and RE are 0 (reset to 0 
when SYNC is entered) 

1: READY port mode: READY outputs 0 
regardless of CS and RE 


4. 1- -Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 


1st byte 
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How to Input Data 
How to Input Data into HD61604 


Input data is composed of 8 bits < 2 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 8-bit data is distin- 
guished from the second one by the sequence 
only. 


When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of 
bytes (count of the first and second bytes): 


1. Set CS and RE to low (no dep lay. data 
changes). 

2. Input 2 or more i1-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 


The data input method via data input pins 
(CS, WE, Do to D7) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 


timing specifications and figure 18. 


Power on 


. VS Ne 3 


*5 


READY (7, 


1st 2nd ist 2nd 


Mode setting data Mode setting data ‘Display data 


: READY output is indefinite during 12 clocks after the oscillation starts at power on (clock: 
OSC2 clock). 

: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 

: In the mode in which READY is always available, READY output is indefinite while high 
is being applied to SYNC. 

: Reset the byte counter after power on. 

: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the e display data (8 bits) is updated. 

: Connect a pull-up resistor if WE or RE is floating. 

: It-is not always necessary to follow this example. 





Figure 18 Example of Data Transfer Sequence 
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How to Input Data into HD61605 


Input data is composed of 4 bits < 4 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 4-bit data to the 
fourth 4-bit data are distinguished from each 
other by the sequence only. 


When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4-bit data to the fourth 4- 
bit data): | 


Power on 
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1. Set CS and RE to low (no display data 
changes.) 
2. Input 4 or more 1-byte instruction data 
(4-bit data) whose bit 3 and 2 are high 
. (display data may change). 


The data input method via data input pins 
(CS, WE Do to Ds) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 19. 


Cn) Aw A A es © AW AW 0 en © AW A BO 
Ten ae: eee 
READY (oN INN TN 


SYNC se otcaensirticiacanecoeaerll Allinaaenmuroeestoionssuaaen 


SB 


Do—D3 ———X_)>-4 


1st 2nd 3rd 4th 


Mode setting data 


1st 2nd 3rd 4th Ist 2nd 3rd 4th 


CX XXX XK XXX OK XX KX 


Mode setting data Display data 


: READY output is indefinite during 12 clocks after the oscillation starts at power on (clock: 


OSC2 clock). 


: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
: In the mode in which READY is always available, READY output is indefinite while high 


is being applied to SYNC. 


: Reset the 4-bit data counter after power on. 


: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the e display data (8 bits) is updated. 

: Connect a pull-up resistor if WE or RE is floating. 

: It is not always necessary to follow this example. 





Figure 19 Example of Data Transfer Sequence 
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Notes on READY Output 


Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 


There are two kinds of the READY output 
waveforms depending on the modes. 


Power on: 


1. READY bus mode (READY bit = 0) 


2. READY port mode (READY bit = 1) 


However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
20 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61604 and 
HD61605. 


<_ist_ X_2nd_ 


READY output is unsettled. 


Mode setting data 4) 


(2-byte data) |1.5 clocks (max) 


WZ 


Mode setting latch is unsettled. 


Power on 


W 3 


Note; CS = low 


Power on 


Note; CS = low, RE = high 


(2) READY Port Mode 





(1) READY Bus Mode 


Mode setting data 
are latched. 


1.5 clocks (max) 


3.5 clocks (max) 


Figure 20 READY Output According to Modes 
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Standby Operation 


Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 


1. LCD driver is stopped (LCD is off). 
2. Display data and operating mode are 
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held. 

3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 


When this mode is not used, connect pin SB to 
Vss. 





Multi Chip Operation | 


When an LCD is driven with the two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 


A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See (3) Mode 
Setting Data in “Input Data Formats”.) Trans- 
fer the mode setting data into the LSI after 


Restriction on Usage 


Minimize the noise by inserting a noise by- 
pass capacitor (2 1 uwF) between Vpp and 
Vss pins. (Insert one as near chip as possible.) 


Liquid Crystal Display Drive Volt- 
age Circuit (HD61€04) 


What is LCD Voltage? 


HD61604 drives liquid crystal display using 
four levels. of voltages (figure 21); Vpp, Vi, V2, 
and V3 (Vpp is the highest and V3 is the 
lowest). The voltage between Vpp and V3 is 
called Vicp and it is necessary to apply the 
appropriate Vicp according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 


every SYNC operation. 


If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 


When SYNC input is not used, connect pin 
SYNC to Vss. 


When SB input is used, after standby mode is 
released, high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 


ce it supplies the voltage to the LCD drive 
circuit of HD61604. 


Connecting R2—R5 in series between Vpp 
and Vss (figure 22) generates AV or Vicp by 
using the resistance ratio to supply these 
voltage to pins Vi, V2, V3. C2—C4 are the 
smoothing capacitors. Connect a trimmer 
potentiometer for R5 and change its resis- 
tance value to control the contrast. 
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Figure 21 LCD Output Waveform and 
Output Levels (1/3 Duty 
Cycle, 1/3 Bias) 


(1) Static Drive 1/2 Duty Cycle Drive (3) 1/3 and 1/4 Duty Cycle Drive 


Note: 1 When standby mode is used, a transistor is required. 
2 R2—R5 should be some kQ—some tens of kQ, and C2—C4 should be 0.1 wF-—0.3 uF. 





Figure 22 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD61605) 


As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 


Oscillation Circuit 


When Internal Oscillation Circuit is When External Clock is Used 
Used 

. When an external clock of 100 kHz with 
When the internal oscillation circuit is used, © CMOS level is provided, pin OSC1 can be used 
attach an external resistor Rosc as shown in for the input pin. In this case, open pin OSC2. 
figure 24. (Insert Rosc as near chip as possible, 
and make the OSC1 side shorter.) 


Positive power 
supply 


Note: When standby mode is used, a transistor is required. 





Figure 23 Example of Drive Voltage Generator 





HD14049UB 


OSC1 OSC2 oscil osc2 OSC1 OSC2 


Multichip operation 





Figure 24 Example of Oscillation Circuit 
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Applications 


+5V HD74LS138 


ool $$ 


At eee 
AS CRNA 


Ais 
Address bus 


D7- 


Owp> 


ne ae 


Y' 


a 


Do 


= 
Do ~D70sc1 OSc2 
Vaert 


Ve2 COM3SEGp ~~~ — SEGgo 


Liquid crystal 





Figure 25 Example (1) 


Mo 
Lis er 


COM, 


Liquid crystal 





Figure 26 Example (2) 
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Absolute Maximum Ratings 





item Symbol Limit Unit 
Power supply voltage * Vop, V1, V2, V3 -—0.3 to + 7.0 V 
Pin voltage * Vr —0.3 to Vop + 0.3 V 
Operating temperature Topr —-20 to +75 x 0 
Storage temperature Tstg —55 to +125 °C 


* Value referenced to Vss=O V. | 

Note: If LSls are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 


Recommended Operating Conditions 


Limit 
item | | Symbol Min Typ Max Unit 
Power supply voltage * Vop 4.5 = 5.5 V 
Vi, V2, V3 ) — Vop Mv 
Pin voltage * Vr | 0 - Vop V 
Operating temperature Topr —-20 a +75 °C 


* Value referenced to Vss=O V. 


HITACHI a 








HD61604/HD61605 





Electrical Characteristics 
be Characteristics 
(Vss = 0 V, Von = 4.5 V to 5.5 V, Ta= —20 °C to +75 °C, unless otherwise noted) 


Limit 

item Symbol Min Typ Max Unit Test Condition 
Input high voltage OSC1 Vint 0.8Vpp - Vpp V 

Others Vin2 2.0 * 8 Vpp V 
Input low voltage OSC1 Viv1 O = 0.2Vpp V 

Others Vit2 0 a 0.8 V 
Output leakage READY lon = = 5 uA Pull up the pin to Vpp 
current ; 
Output low READY VoL = - 0.4 V lo.=0.4 mA 
voltage 
Input leakage . Input hus -1.0 1.0 BA Vin =O to Vop 
current pin 
* 1 

V; liv2 20: = 20 uA Vin=Vbp to V3 

V2, V3 lit3 5.0. <= 5.0 uA 
LCD driver voltage COMo—-COM3 Van a a 0.3 V +ld=3 yA for each 
drop . COM, V3=Vpp to 3 V 

SEGo-SEGsq —-~Via2 - ~ 0.6 V +ld=3 nA for each 
| | SEG, V3=Vpp to 3 V 
Current consumption * 2 lop - = 100 uA During display * 

Rosc =360 kQ 
lop = ook 5 uA At standby 


* Except the transfer operation of display data and bit data. 
*1 V1, V2: applied only to HD61604. 
* 2 Do not connect any wire to the output pins and connect the input pins to Vpp or Vss. 
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AC Characteristics 


(Vss = 0 V, Von = 4.5 V to 5.5 V, Ta = —20 °C to +75 °C, unless otherwise noted) 


Limit 
item Symbol Min Typ Max Unit Test Condition 
Oscillation frequency OSC2 fosc 70 100 130 kHz Rosc= 360 kQ 
External clock OSC1 fosc 70 100 130 kHz 
frequency 
External clock duty OSC1 Duty 40 50 60 % 
I/O signal timing ts 400 = 7 ns 
tH 10 aaa = ns 
tWH 300 a = ns 
tWe 400 = = ns 
twr 400 = = ns 
to a a 1.0 “us Figure 31 
ten 400 = = ns 
top1 9.5 = 10.5 Clock For display 
data transfer 
top2 2.5 = 3.5 Clock For bit and mode 
data transfer 
input signal rise time and fall time tt = = 25 ns 





Figure 27 Write Timing (RE is fixed high and SYNC low) 
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top1, top2 


Within 
1 clock 
Vin 





Figure 30 SYNC Timing 
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Measurement 
pin 
(READY) 





Figure 31 Bus Timing Load Circuit (LS-TTL Load) 
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HD61830/HD61830B—___ 
LCDCI(LCD Timing Controller) 


Description 


The HD61830/HD61830B is a dot matrix liquid 
crystal graphic display controller LSI that stores 
the display data sent from an 8-bit microcontroller 
in the external RAM to generate dot matrix liquid 
crystal driving signals. 


It has a graphic mode in which 1-bit data in the 
external RAM corresponds to the on/off state of 1 
dot on liquid crystal display and a character mode 
in which characters are displayed by storing char- 
acter codes in the external RAM and developing 
them into the dot patterns with the internal charac- 
ter generator ROM. Both modes can be provided 
for various applications. 


The HD61830/HD61830B is produced by the 
CMOS process. .Thus, combined with a CMOS 
microcontroller it can complete a liquid crystal 
display device with lower power dissipation. 


Features 


e Dot matrix liquid crystal graphic display controller 
¢ Display control capacity 
— Graphic mode: 512k dots (216 bytes) 
— Character mode: 4096 characters (212 char- 
acters) 
¢ Internal character generator ROM: 7360 bits 
— 160 types of 5 x 7 dot characters 
— 32 types of 5 x 11 dot characters 
Total 192 characters | 
— Can be extended to 256 characters (4 kbytes 
max.) by external ROM 
¢ Interfaces to 8-bit MPU 
¢ Display duty cycle (can be selected by a program) 
Static to 1/128 duty cycle 
¢ Various instruction functions 


— Scroll, cursor on/off/blink, character blink, | 


bit manipulation 
e Display method: Selectable A or B types _ 
¢ Internal oscillator (with external resistor and 
capacitor) HD61830 





¢ Operating frequency: 1.1 MHz HD61830 
2.4 MHz HD61830B 

¢ Low power dissipation 

¢ Power supply: Single +5 V +10% 

¢ CMOS process 


Differences between Products 


HD61830 and HD61830B 

HD61830 HD61830B 
Oscillator Internal or external External only 
Operating frequency 1.1 MHz 2.4 MHz 
Pin arrangement Pin 6: C Pin 6: CE 
and signal name Pin7:R Pin 7: OE 

Pin 9: CPO Pin 9: NC 
Package marking ) 


to see figure 
Package Marking 


foe 


HD61830A00 
JAPAN 


6 wis 


HD61830B00 
JAPAN 


Ordering Information 


Type No. Package . 
HD61830A00H 60-pin plastic QFP (FP-60) 
HD61830B00H 
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Pin Arrangement 


5} |MB 
4) |MAo 
3} |MA, 
2) |MAp 
1] |MAg3 
60} | MA, 
59 | [MA 
58 | |MAg 
57} |MAz 
56] | MAg 

| __|MAg 


54] | MAio 
(CE)c| [6 53} | MAny 
(OE)R[-|7 52| | MAi2 





CR} |8 


(NC)CPO| {9 


51] | MAig 
50} | MAyg 


FLM| | 10 49| | MAis 
cu[ 41 48] | De 
SYNC [| 12 47| | D, 
WE| | 13 : apie 46} | Cl, 
RES | | 14 (top view) 45} | RDo 
CS| | 15 a 44} | RD, 
E[ |16 | 43] | RD2 
RW] {17 42| | RD3 
Rs [| 18 | — 4tf | RD, 
MA|{ | 19 40] | RDs 
GND | | 20 39] | RDg 
DB,| | 21 38 RD, 


DBg| | 22 
DBs| | 23 


37| | MDo 
36] | MD, 


DBs[ | 

DBs ES 25 
DB2} |26 
DB,| 27 
DBo}| | 28 
Vec| | 29 
MD, = 30 
MD, i dl 31 
MD; me 32 
MD, ae 33 
MD; Ll 34 
MD2| | 





( ) is for HD61830B 
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Terminal Functions 


Symbol Pin Number I/O Function 
DBo-DB7 28-21 VO Data bus: Three-state I/O common terminal 
Data is transferred to MPU through DBo to DB». 
cs 15 | Chip select: Selected state with CS = 0 
R/W 17 | Read/Write: R/W = 1: MPU <— HD61830B 
| R/W = 0: MPU — HD61830B 
RS 18 [ negleler select: RS = 1: Instruction register 
RS = 0: Data register 
E 16 I Enable: Data is written at the fall of E 
Data can be read while E is 1 
CR 8 I CR oscillator (HD61830), External clock input (HD61830B) 
Cc 6 — CR oscillator to capacitor (HD61830 only) | 
R 7 — CR oscillator to resistor (HD61830 only) 
CPO 9 O Clock signal for HD61830 in slave mode (HD61830 only) 
CE 6 O Chip enable (HD61830B only) | 
CE = 0: Chip enables make external RAM in active 
OE 7 O Output enable (HD61830B only) 
OE = 1: Output enable informs external RAM that HD61830B 
requires data bus 
NC 9 Open Unused terminal. Don’t connect any wires to this terminal 
(HD61830B only) 
MA -MA,5 4-1, O External RAM address output 
60-49 In character mode, the lane code for external CG is output 
through MA12 to MA15 (O: Character 1st line, F: Character 16th 
line) 
MD)-MD,7 37-30 VO Display data bus: Three-state I/O common terminal 
RD o-RD, 45-38 l ROM data input: Dot data from external character generator is 
input 
WE 13 Oo Write enable: Write signal for external RAM 
CLo 46 O Display data shift clock for LCD drivers 
CL, 11 O Display data latch signal for LCD drivers 
FLM 10 O Frame signal for display synchronization 
MA 19 O Signal for converting liquid crystal driving signal into AC, A type 
MB 5 O Signal for converting liquid crystal driving signal into AC, B type 
D, 47 O Display data serial output 
D 48 D,: For upper half of screen» 
2 Dz»: For lower half of screen 
SYNC 12 VO Synchronous signal for parallel operation 
| Three-state I/O common terminal (with pull-up MOS) 
Master: Synchronous signal is output 
Slave: Synchronous signal is input 


RES | 14 i Reset: Reset = 0 results in display off, slave mode and Hp =6 
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SYNC CLI MAMB FLM 









WBIsvIG YI” 





Refesh address 
counter (1) 
(R 


ACs 
address 






Dot counter 
















































Data (DC) Refesh 2 
; counter (2 | |... |. 
input : (R AC> ) 2 
DBy-DB7 register Cursor address = 
oS Ea (DIR) Dot registers counter 
2 3 (DR) (CAC) MD,-MD7 
= 7 ed 
@ 3 1) paceree sae ene . 
RS 5s > 1 « Extended ; 
ms) || + 
RES = Data counter ’ Character ROM 
= output enerator sereees qateenoesd 
register | = : ROM 
(DOR) Cursor 
signal 
Mode Banapatae: OO Ul 00 Ue eG a Reece 
Sacirel generator RD -RD; 
register Control 
Instruction (MCR) signal 
register | Control L— 
Busy (IR) signal 
flag Parallel/serial D, 
(BF) converter 
Oscillator 
ics Parallel/serial D 
Tz converter 
(CLz) (CR) * When extended external ROM is used, MAg—MA,, 
CL2 Rp CPO are applied to RAM, MA;2—MA\s5 are applied to 


extended external ROM. 
( ) is for HD61830B 
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HD61830/HD61830B 


Block Functions 
Registers 


The HD61830/HD61830B has the five types of 
registers: instruction register (IR), data input regis- 
ter (DIR), data output register (DOR), dot registers 
(DR), and mode control register (MCR). 


The IR is a 4-bit register that stores the instruction 
codes for specifying MCR, DR, a start address reg- 
ister, a cursor address register, and so on. The 
lower order 4 bits DBg to. DB3 of data buses are 
written in it. 


The DIR is an 8-bit register used to temporarily 
store the data written into the external RAM, DR, 
MCR, and so on. 


The DOR is an 8-bit register used to temporarily 
store the data read from the external RAM. Cursor 
address information is written into the cursor 
address counter (CAC) through the DIR. When the 
memory read instruction is set in the IR (latched at 
the falling edge of E signal), the data of external 
RAM is read to DOR by an internal operation. The 
data is transferred to the MPU by reading the DOR 
with the next instruction (the contents of DOR are 
output to the data bus when E is at the high level). 


The DR are registers used to store dot information 
such as character pitches and the number of verti- 
cal dots, and so on. The information sent from the 
MPU is written into the DR via the DIR. 


The MCR is a 6-bit register used to store the data 
which specifies states of display such as display 
on/off and cursor on/off/blink. The information 
sent from the MPU is written in it via the DIR. 


Busy Flag (BF) 


The busy flag = 1 indicates the HD61830 is per- 
forming an internal operation. Instructions cannot 
be accepted. As shown in Control Instruction, read 
busy flag, the busy flag is output on DB7 under the 
conditions of RS = 1, R/W = 1, and E = 1. Make 
sure the busy flag is 0 before writing the next 
instruction. 


902 


Dot Counters (DC) 


The dot counters are counters that generate liquid 
crystal display timing according to the contents of 
DR. 


Refresh Address Counters (RAC1/RAC2) 


The refresh address counters, RAC1 and RAC2, 
control the addresses of external RAM, character 
generator ROM (CGROM), and extended external 
ROM. The RAC1 is used for the upper half of the 
screen and the RAC2 for the lower half. In the 
graphic mode, 16-bit data is output and used as the 
address signal of external RAM. In the character 
mode, the high order 4 bits (MA);2—-MAjs5) are 
ignored. The 4 bits of line address counter are out- 
put instead and used as the address of extended 
ROM. 


Character Generator ROM 


The character generator ROM has 7360 bits in total 


and stores 192 types of character data. A character 


code (8 bits) from the external RAM and a line 
code (4 bits) from the line address counter are 
applied to its address signals, and it outputs 5-bit 
dot data. 


The character font is 5 x 7 (160 characters) or 5 x 
11 (32 characters). The use of extended ROM 
allows 8 x 16 (256 characters max.) to be used. 


Cursor Address Counter 


The cursor address counter is a 16-bit counter that 
can be preset by instruction. It holds an address 
when the-data of external RAM is read or written 
(when display dot data or a character code is read 
or written). The value of the cursor address counter 
is automatically increased by 1 after the display 
data is read or written and after the set/clear bit 
instruction is executed. 
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Cursor Signal Generator 


The cursor can be displayed by instruction in 
character mode. The cursor is automatically gener- 
ated on the display specified by the cursor address 
and cursor position. 
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Parallel/Serial Conversion 


The parallel data sent from the external RAM, 
character generator ROM, or extended ROM is 
converted into serial data by two parallel/serial 
conversion circuits and transferred to the liquid 
crystal driver circuits for upper screen and lower 
screen simultaneously. 
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Display Control Instructions 


Display is controlled by writing data into the 
instruction register and 13 data registers. The RS 
signal distinguishes the instruction register from 
the data registers. 8-bit data is written into the 
instruction register with RS = 1, and the data regis- 
ter code is specified. After that, the 8-bit data is 
written in the data register and the specified 
instruction is executed with RS = 0. 


Oo 
se) 
Ni 


Instruction reg. 
Mode control reg. 


wv 
ll 


During the execution of the instruction, no new 
instruction can be accepted. Since the busy flag is 
set during this, read the busy flag and make sure it 
is 0 before writing the next instruction. 


1. Mode Control: Code $00” (hexadecimal) 
written into the instruction register specifies the 


mode control register. 


B6 | Des | DB4 | DBS | DB2 | DBI | DBO 
ae ee oe oe 
po | Modedata 





O 
wo 
bh 


3 


VO 


(2) 


EARR 
5 
J 
alt 


Ed 
% 
~ 
© 
G 
S 
a one 
a 
~ 
oO 





S 
5 
7 
© 
= 





UL. 
Le 
Q 
= 
eo) 
s 
a. 
2 
a) 


1: Master mode 
: Slave mode 


1: Display ON 
0: Display OFF 


Cursor/blink 


Cursor off 

Cursor on 

Cursor off, character blink 
Cursor blink 

Cursor off 

Cursor on 

Cursor off, character blink 


Cursor blink 


iii 


Graphic/character 
display 








Character display 
(Character mode) 





Graphic mode 
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2. Set Character Pitch: Vp indicates the number 
of vertical dots per character. The space between 
the vertically-displayed characters is included in 
the determination. This value is meaningful only 
during character display (in the character mode) 
and becomes invalid in the graphic mode. 


Register 


6 1 0 1 
1 1 0 
1 1 1 


HD61830/HD61830B 


Hp indicates the number of horizontal dots per 
character in display, including the space between 
horizontally-displayed characters. In the graphic 
mode, the Hp indicates the number of bits of 
1-byte display data to be displayed. 


There are three Hp values (table 1). 
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3. Set Number of Characters: Hy indicates the 
number of horizontal characters in the character 
mode or the number of horizontal bytes in the 
graphic mode. If the total sum of horizontal dots on 
the screen is taken as n, 


Register 


4. Set Number of Time Divisions (Inverse of 


Display Duty Ratio): Nx indicates the number of | 


time divisions in multiplex display. 






Number-of-time-divisions 
| reg. 


5. Set Cursor Position: C, indicates the position 
in a character where the cursor is displayed in the 
character mode. For example, in 5 x 7 dot font, the 
cursor is displayed under a character by specifying 
C, = 8 (decimal). The cursor horizontal length is 
equal to the horizontal character pitch H,. A value 


RW 
Instruction reg. 


Cursor position reg. 


Register | RW | RS | DB7 | DB6 | Des | DBA | DBS | DB | DB | DBO 
Instructionreg. | | 1 | o | of co fc fo | of 


n = H, x Hn 


Hy can be set to an even number from 2 to 128 
(decimal). 





1/Nx is the display duty ratio. 


A value of 1 to 128 (decimal) can be set to Nx. 






~~ 


Ny — 1) binary : 






of 1 to 16 (decimal) can be set to C,. If a smaller 
value than the vertical character pitch V, is set (C, 
< V,), and a character overlaps with the cursor, the 
cursor has higher priority of display (at cursor dis- 
play on). If C, is greater than V,,, no cursor is dis- 
played. The cursor horizontal length is equal to Hb. 





6. Set Display Start Low Order Address: Cause 
display start addresses to be written in the display 
start address registers. The display start address 
indicates a RAM address at which the data dis- 
played at the top left end on the screen is stored. In 


Instruction reg. 


Display start address reg. 
(low order byte) 





the graphic mode, the start address is composed of 
high/low order 16 bits. In the character display, it is 
composed of the lower 4 bits of high order address 
(DB3—DBg) and 8 bits of low order address. The 
upper 4 bits of high order address are ignored. 


[Registor_—~~S=«d«YC RW | RS | DB7 | DBS 
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Set Display Start High Order Address 


Instruction reg. 


HD61830/HD61830B 


(Start high order address) binary 





Display start address reg. 
(high order byte) 


7. Set Cursor Address (Low Order) (RAM 
Write Low Order Address): Cause cursor 
addresses to be written in the cursor address coun- 


ters. The cursor address indicates an address for — 


sending or receiving display data and character 
codes to or from the RAM. 


That is, data at the address specified by the cursor 
address are read/written. In the character mode, the 
cursor is displayed at the character specified by the 
cursor address. 


A cursor address consists of the low-order address 






Cursor address counter 
(low order byte) 


Register | RW |_RS | 87 | DB6 | DBs | DBA | DBS | DB2 | DBI | DBO 
fosrvesonrep, ____/ of at ojo{ololt[otsio_ 


(8 bits) and the high-order address (8 bits). Satisfy 
the following requirements setting the cursor 
address (table 2). 


The cursor address counter is a 16-bit up-counter 
with set and reset functions. When bit N changes 
from 1 to 0, bit N + 1 is incremented by 1. When 
setting the low order address, the LSB (bit 1) of the 
high order address is incremented by 1 if the MSB. 
(bit 8) of the low order address changes from 1 to 
0. Therefore, set both the low order address and the 
high order address as shown in the table 2. 









(Cursor low order address) binary 






Set Cursor Address (High Order) (RAM Write High Order Address) 






Cursor address counter 
(high order byte) 


Table 2. Cursor Address Setting 


Condition 


When you want to rewrite (set ) both the low order 
address and the high order address. 


When you want to rewrite only the low order 
address. 


When you want to rewrite only the high order 
address. 


Register | RAW | RS | 087 | DB6 | DBS | DBA | DBS | DB2 | DBI | 
instruction reg. | | 1 | of oo | of ofl | of | 






[080 | 





(Cursor high order address) binary 





Requirement 


Set the low order address and then set the high 
order address. 


Don't fail to set the high order address again after 
setting the low order address. 


~ Set the high order address. You don’t have to set 


the low order address again. 
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8. Write Display Data: After the code $“OC” is _ specified by the cursor address as display data or 
written into the instruction register with RS = 1, character code. The cursor address is increased by 
8-bit data with RS = 0 should be written into the _—1 after this operation. 


data register. This data is transferred to the RAM 
[pe | pe | bt | DBO 
pt ft | 


mm; "tate a) 6 
RAM To [0 | NS® ati data, character ode) SB 


9. Read Display Data: Data can be read from the _ transfers RAM data specified by the cursor address 
RAM with RS = 0 after writing code $“OD” into _ to the data output register, also increasing the cur- 
the instruction register. Figure 1 shows the read sor address by 1. After setting the cursor address, 
procedure. correct data is not output at the first read but at the 
second one. Thus, make one dummy read when 
This instruction outputs the contents of data output _ reading data after setting the cursor address. 
register on the data bus (DBg to DB7) and then | 














Instruction reg. 
RAM 


DB LB F-{OA{NiF-7_B F-408F-{Nuy 7B F-OD] * FL BIN BT) 


Busy [Cursor [Cursor | Busy {Cursor {Cursor | Busy Data |Dummy| Busy |N Busy [N+1 
check | address jlow check | address] high check .| read | read check |address| check | address 
set order set order mode data data 
mode address mode address read read 
write write 


patie a e en ok 
address 


Data 
output : N address data] Nt! address | jy +2... 


register 





Figure 1 Read Procedure 
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10. Clear Bit: The clear/set bit instruction sets 1 
bit in a byte of display data RAM to 0 or 1, respec- 
tively. The position of the bit in a byte is specified 
by Ng and RAM address is specified by cursor 





Set Bit 







Bit set reg. 





11. Read Busy Flag: When the read mode is set 
with RS = 1, the busy flag is output to DB7. The 
busy flag is set to 1 during the execution of any of 
the other instructions. After the execution, it is set 
to 0. The next instruction can be accepted. No 
instruction can be accepted when busy flag = 1. 
Before executing an instruction or writing data, 
perform a busy flag check to make sure the busy 


ogiter | ww |S | 087 | 086 | 08s | obs | 080 | baz 
inswucionreg | of +t oteteleli}iti_ 
Brewerreg | of ©] 0] 0] 0] 0] 0 | Wa-Wbnay 


Register | RW | RS | Bz | Des | DBs | DBA | DBS | DB2 | DBI | DBO | 
Instructionreg. | | 4 | oO | co | co | co ft | fl 
po | of of o | of of oO | Ne~1) binary | 


HD61830/HD61830B 


address. After the execution of the instruction, the 
cursor address is automatically increased by 1. Ng 
is a value from 1 to 8. Ng = 1 and Ng = 8 indicates 
LSB and MSB, respectively. 





Bt | DBo | 
| 0 





flag is 0. When data is written in the register (RS = 
1), no busy flag changes. Thus, no busy flag check 
is required just after the write operation into the 
instruction register with RS = 1. 


The busy flag can be read without specifying any 
instruction register. 


RW p87 | ops | DBs | oB4 | DBs | DB2 | DB | DBO 


pwytes 1 i+ i| 
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oH 


OODGDCOOSO008 
OOODGODOOOSO0O8 
COOUOOOOOOO 


z 
a 
a 
wi 
a 
7 
O 

ig 
_ 
O 
q 
oO 


IDOE 








Symbol Name Meaning Value 

H, Horizontal character pitch Horizontal character pitch 6 to 8 dots 

Hy Number of horizontal ! Number of horizontal characters per line 2 to 128 digits 

characters (number of digits) in the character mode (an even number) 
: or number of bytes per line in the graphic 

mode — 

Vp Vertical character pitch Vertical character pitch 1 to 16 dots 

Cp Cursor position Line number on which the cursor can be 1 to 16 lines 
displayed 

Nx Number of time divisions Inverse of display duty ratio 1 to 128 lines 


Note: If the number of vertical dots on the screen is m, and the number of horizontal dots is n, _ 
1/m = 1/Ny = display duty ratio 


n = Hy x Hy, m/V, = Number of display lines 
CoSVp 
Figure 2 Display Variables 
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Display Mode 


Liquid Crystal 
Display Panel 
Hp: 6, 7, or 8 dots 





Display Data 
from MPU 


Display pattern 


(8 bits) 


@ 
: 
@® 
8 
w 
é 


-_ 
” 
<= 
& 
fee) 
— 


Character 
display 





Display Mode 
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Internal Character Generator Patterns and Character Codes 


eee fell [=p=pepe 
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Example of Correspondence between External CG ROM Address Data and 


Character Pattern 


8 x 8 Dot Font 


A10 
A9 


A 8 


A7 


AG AS A4 AS As Aol fotos ef Os |Oeh 


BREE Sena Rea 
Be BF el 


sacoocccls of 


o 
(>) 
So 
© 





8 x 16 Dot Font 


s 


A 8 


[O7| Op | 0, | 02] Os] O,| 


Ei 
Ei 
ole 
{és : 
ST 
Spe 
S| 
< 
< 
2 
2 
< 
< 
< 
< 
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Example of Configuration 


Graphic Mode or Character Mode (1) (Internal Character Generator) 


HD61830 
HD61830B 


MAp-MA;s at graphic mode, 
MAo-MA,, at character mode 










Liquid crystal 
display module 










Liquid crystal | 
display module 


Parallel Operation (HD61830) 


(Master) 


Liquid crystal Liquid crystal 
display module (1)} display module (2) | 


Driving both of two 
module by same 
common signal 


Parallel Operation (HD61830B) 
(Master) 
Liquid crystal Liquid crystal |. 
display module (1) |display module (2) 
Driving both of two 


module by same 
common signal 
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HD61830 Application (Character Mode, External CG, Character Font 8 x 8) 






WE OE 
Ay RAM (2) 
to HM6116 


10 woe 


CS 










HD6800 HD61830 SS 
A, WE WE OE te 


E 
Ay RAM (1) 
Ato 


to HM6116 










eee eee ee ee 
LM 200 





+5 V 
GND 
-5V 


HD61830 Application (Graphic Mode) 


ee ee 
1 R 4 
. [DB -DB, 
HD6800 id HD61830 HD44100H HD44100H 
MPU CSE controller tT T 
RS R/AWV i 


ein? 
ee (| ae ||| 
i le ||| 
a 
i LCD 
ee 
002 2 eee ee aeRO 7 1A) 








MD -MD, WE 





ae 
HD44100H 


RAM | 
16 kbits Iie i 
i —,— — 
x ae 
eee Seeger eee ie ee 
~V, 
Power supply for 
GND liquid crystal 
display drive 
Yoo (6) Saved 
Vee (-5 V) LM 200 
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HD61830B Application (Character Mode, External CG, Character Font 8 x 8) 


HD61830B 





Open 
er LCD module 
Voc 1D LM-200 
External 
clock 
+5 V 
GND 
~5V 


HD61830B Application (Graphic Mode) 








DB,-DB, 
HD6303 HD61830B 


BED CEFR O LE TES ETE EE IER GEA 
vy xz 
HD61100A HD61100A 
MPU cs controller T1i7 TI 
CL,, CL, eG See eee aeernans © i 
. MB, FLM 
MA,- s 
Mars LJ 2 lie 
MD,-MD, WE a 1 





RAM 5 a 2 
16 kbits 
CMOS HD61100A: HD61100A 
ph =z x 
Ee aes ES Rae ee a EC ED 
' SS TA aS a airs eT 
| V,-Ve 
Power supply for 
GND ; liquid paait 
display drive | 


hee P= meena | 
Veg (-5 V) 
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HD61830/HD61830B 
HD61830 Absolute Maximum Ratings 


Item Symbol Value Unit Notes 
Supply voltage Voc —0.3 to +0.7 V 1,2 
Terminal voltage Vr —0.3 to Voc +0.3 V 1,2 
Operating temperature i —20 to +75 °C 


Storage temperature T stg -55 to +125 °C 


Notes: 1. All voltages are referenced to GND = 0 V. 
2. If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. 
We strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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HD61830 Electrical Characteristics 
(Vcc =5 V 110%, GND = 0 V, T, = -20 to +75°C) 


Item | Symbol Min Typ Max Unit Test Condition Notes 
Input high voltage (TTL) Vin 2.2 — Vec V 4 
Input low voltage (TTL) Va 0 — 0.8 V 2 
Input high voltage Vink 3.0 — Vcc V 3 
Input high voltage (CMOS) Vinc 0.7 Vec — Voc V 4 
Input low voltage (CMOS) Vic 0 — 0.3Vcc V 4 
Output high voltage (TTL) Vou 2.4 — Voc V “lo4=0.6mA 5 
Output low voltage (TTL) Voi 0 — 0.4 V lo. = 1.6 mA 5 
Output high voltage (CMOS) Vonc Veco -0.4 — Voc V —loy = 0.6 MA 6 
Output low voltage (CMOS) Vote 0 — 0.4 V lo, = 0.6 mA 6 
Input leakage current lin -5 — § yA Vin = 0—Vec 7 
Three-state leakage current = It¢gy. -10 — 10 pA Vout=9-Vec 8 
Power dissipation (1) Pw — 10 15 mW CR oscillation 9 
fosc = 500 kHz 
Power dissipation (2) Pw2 — 20 30 mW External clock 9 


fop = 1 MHz 


Internal clock operation 


Clock oscillation frequency tase 400 500 600 kHz Cr=15pF+5% 10 
| | Ry = 39 kQ+2% 

Tee aati ae ea cha tl ae eee eat oad 
External clock operating fep 100 500 1100 kHz 11 
frequency | 

External clock duty Duty 47.5 50 52.5 % 11 
External clock rise time trop _ — 0.05 Us 11 
External clock fall time ticp — — 0.05 us 11 | 


Pull-up current lop 2 10 20 yA Vin = GND 12 
Notes: The I/O terminals have the following configuration: 


Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and RES. 
Applied to input terminals and I/O common terminals, except terminals SYNC and CR. 

Applied to terminal RES. 

Applied to terminals SYNC and CR. 

Applied to terminals DBp—DB7, WE, MAg—MAjs, and MDg-MD3. 

Applied to terminals SYNC, CPO, FLM, CL,, CLo, D,, Do, MA, and MB. 

Applied to input terminals. | 

Applied to I/O common terminals. However, the current which flows into the output drive MOS is 
excluded. 


BI Pa 
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9. The current which flows into the input and output circuits is excluded. When the input of CMOS 
is in the intermediate level, current flows through the input circuit, resulting in the increase of 
power supply current. To avoid this, input must be fixed at high or low. 

The relationship between the operating frequency and the power dissipation is given below. 


Pw (mW) 





250 500 750 . 1000 1250 1500 
fosc (KHz) 


10. Applied to the operation of the internal oscillator when oscillation resistor R; and oscillation 
capacity C; are used. 


C; = 15 pF 5% 


R; = 39 kQQ +2% 
Ry C (when fosc 7 
C, 500 kHz typ) 
CR 


The relationship among oscillation frequency, R; and C; is given below. 


fosc (KHz) Ta = 25°C, Voc =5V 
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11. Applied to external clock operation. 











Duty cycle = Th__ x 100% 
trop ttep Th + q 


12. Applied to SYNC, DBp-DBy, and RDp-RDy. 
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Input Terminal 


Applicable terminal: CS, E, RS, R/W, RES, CR ~—_ Applicable terminal: RDg-RD7 (with pull-up 





(without pull-up MOS) MOS) 
7 Voc Vec Vec 
PMOS PMOS 
+ | (Pull-up MOS) 
NMOS NMOS 


Output Terminal 


Applicable terminal: CL;, CLy, MA, MB, FLM, 
D,, Dz, WE, OE, CE, MAp-MA)5 


Vcc 


PMOS| 


NMOS 


I/O Common Terminal 


Applicable terminal: DBg-DB7, SYNC, MD,- 
MD7 (MD -MD; have no pull-up MOS) 









(Pull-up MOS) 





Input circuit 


Output circuit 
(three state) 
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Timing Characteristics 


-HD61830 MPU Interface 

(Vcc = 5 V 10%, GND = 0 V, T, = -20 to +75°C) 

Item Symbol Min Typ Max Unit 
Enable cycle time teyc 1.0 — —- ps 
Enable pulse width High level tWEH | 0.45 — — ps 

Low level | tWeL 0.45 — — Ls 

Enable rise time te, — — 25 ns 
Enable fall time ter — — 25 ns 
Setup time tas 140 — — ns 
Data setup time tposw 225 — — ns 
Data delay time | topr _ — 225 ns * 
Data hold time toHw 10 — —_ ns 
Address hold time tan 10 — — ns 
Data hold time tou 20 — — ns 


Note: * The following load circuit is connected for specification: 


922 


tcyc | 
E : | - 
0.8 V 
te ter . 
. tas taH 


= 2.2V , 
CS, R/W, RS ( » 
0.8 V 
Ral= 
DBo-DB, 72.2 V 
0.8 V 


(MPU—»HD61830) ? 
tppr tbH 
DBo-DB; £2.4V 
(MPU<-HD61 830) V o4V p 
Vec 
Test point 
Ry = 2.4kQ 
R=11kQ 


C = 130 pF (C includes jig capacitance) 
Diodes D, to D4: 1S2074@ 
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HD61830 External RAM and ROM Interface 
(Vcc = 5 V+10%, GND = 0 V, T, = -20 to +75°C) 


item Symbol Min Typ Max Unit 
SYNC delay time tpsy — — 200 ns 
_ SYNC pulse width High level twsy 900 _ — ns 
CPO cycle time tccpo 900 — —_ ns 
CPO pulse width —High level twopon 450 nas — ns 
Low level — twopot 450 — — ns 
MAo to MA; refresh delay time ~ tomar — — 200 ns 
MAp to MA,« write address delay time tomaw — — 200 ns 
MD, to MD, write data delay time tompw — — 200 ns 
MD, to MD7, RDp to RD7 setup time tsup 900 _ ~~ ns 
Memory address setup time fan 250 — — ns 
Memory data setup time tsmpw 250 —_ — ns 
WE delay time towe — — 200 ns 
WE pulse width (low level) twwe 450 — — ns 


= 1 
SYNC > Vec 


tosy twsy: tccro 


1 t 
> Vec 
twcPot 


MAo— MAi5 { 


/ 


tomar: 





Notes: 1. No load is applied to all the output terminals. 
2. “*” indicates the delay time of RAM and ROM. 
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HD61830 LCD Driver Interface 
(Vcc = 5 V+10%, GND = 0 V, T, = —20 to +75°C) 


Item Symbol Min Typ Max Unit 


Clock pulse width (high level) twewt 450 _— — ns 
Clock delay time toci2 _ —_ 200 ns 
Clock cycle time tweL2 900 — — ns 
Clock pulse width High level twoH 450 _ — ns 

Low level two 450 — — ns 
MA, MB delay time | - tup — — 300 ns 
FLM delay time tor — — 300 ns 
Data delay time top — — 200 ns 
Data setup time tsp 250 — —_ ons 


Note: No load is applied to all the output terminals (MA, MB, FLM, D,, and Do). 





Lae 


N| 
& 
a 


. ec | 
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HD61830B Absolute Maximum Ratings 


Item Symbol Value Unit Notes 
Supply voltage Voc —0.3 to +0.7 V 1,2 
Terminal voltage Vr ~—0.3 to Voc +0.3 V 1,2 
Operating temperature Topr ~—20 to +75 °C 

Storage temperature T stg —55 to +125 °C __ 


Notes: 1. All voltage is referred to GND = 0 V. 
2. If LSis are used beyond absolute maximum ratings, they may be permanently destroyed. 
We strongly recommend that you use the LSis within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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HD61830B Electrical Characteristics 
(Vcc = 5V 110%, GND = 0 V, T, = -20 to +75°C) 


926 


9. 





item Symbol Min Typ Max Unit Test Condition Note 
Input high voltage (TTL) Vin 2.2 —  Vec V 
Input low voltage (TTL) Vit 0 — 08 V 2 
Input high voltage VinR 3.0 — Voc V 3 
Input high voltage (CMOS) Vinnc 0.7 Vcc — Voc V 4 
Input low voltage (CMOS) Vitc 0 — 0.3Voco V 4 
Output high voltage (TTL) Von 2.4 = Van V “ly =0.6mMA 5 
Output low voltage (TTL) Voi 0 — 0.4 V lo. = 1.6 mA 5 
Output high voltage (CMOS) = Vonc Veco -0.4 — Vee V —lou = 0.6 mA 6 
Output low voltage (CMOS) Voic 0 — 0.4 V Io) = 0.6 mA 6 
Input leakage current lin —5 — 5 pA Vin = 9- Voc 7 
Three-state leakage current = Irgy. -10 — 10 pA Vout=9-Vceco 8 
Pull-up current . lpt 2 10 20 pA Vi, = GND 9 
Power dissipation Pw — — 50 mW _ External clock 10 
fop = 2.4 MHz 

Notes: 1. Applied to input terminals and VO common terminals, except terminals SYNC, CR, and RES. 

2. Applied to input terminals and I/O common terminals, except terminals SYNC and CR. 

3. Applied to terminal RES. 

4. Applied to terminals SYNC and CR. eae 

5. Applied to terminals DBp—DB7, WE, MAg—-MAjs5, OE, CE, and MDg~-MDy. 

6. Applied to terminals SYNC, FLM, CL,, CL2, D,, Dz, MA, and MB. 

7. Applied to input terminals. 

8. Applied to I/O common terminals. However, the current which flows into the output drive MOS is 


excluded. 
Applied to SYNC, DBp—-DBy, and RDp-RD,. 





10. The current which flows into the input and output circuits is excluded. When the input of CMOS 


is in the intermediate level, current flows through the input circuit, resulting in the increase of 
power supply current. To avoid this, input must be fixed at high or low. 
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Input Terminal 





Applicable terminal: CS, E, RS, R/W, RES, CR Applicable terminal: RDg-RD, (with pull-up 
(without pull-up MOS) MOS) 


Voc Vec Vec 
p 


MOS PMOS 


NMOS 


Output Terminal 





(Pull-up MOS) 





NMOS 


Applicable terminal: CL,;, CL2;, MA, MB, FLM, 
D,, D2, WE, OE, CE, MAg-MAj5 


Voc 


PMOS 


NMOS 


I/O Common Terminal . 


Applicable terminal: DBj-DB7, SYN C, MD y- 
MD7 (MDg-MD; have no pull-up MOS) 


Vcc Vcc 







(Pull-up MOS) p.m \«+—— Enable 


Data 






Input circuit 





Output circuit 
(three state) 
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Timing Characteristics 


HD61830B Clock Operation 
(Vcc = 5 V 10%, GND = 0 V, T, = —20 to +75°C) 


Item Symbol Min Typ Max Unit Notes 


External clock operating fop 100 — 2400 kHz 1 
frequency 

External clock duty Duty 47.5 50 52.5 % 1 
External clock rise time trop — — 25.0 ns 1 
External clock fall time trp — — 25.0 ns 1 
SYNC output hold time tsyo 30 ~ — ns 2,3 
SYNC output delay time tosy = — 210 ns 2,3 
SYNC input hold time’ tusy! 10 — = ns 2 
SYNC input set-up time tssy — — 180 ns 2 


Notes: 1. Applied to external clock input terminal. 


Th T 


Oscillator 










—_th_ x 190% 


= h 
Duty cycle = T+, 


trep ttep 


2. Applied to SYNC terminal. 


CR 


SYNC 


(Output: 
at master mode) 


SYNC 


(Input: at slave mode) 


3. Testing load circuit. 


Test 
il ul C. = 30pF 


CL 
i (C, includes jig capacitance) 
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HD61830B MPU Interface 
(Vcc = 5 V +10%, GND = 0 V, T, = -20 to +75°C) 


Item ; | Symbol Min Typ Max Unit 


Enable cycle time tevc 1.0 — — ps 
Enable pulse width High level tweH 0.45 — — ys 
Low level tWeL 0.45 — _— ps 
Enable rise time te, — — 25 ns 
Enable fall time ter — — 25 ns 
Setup time tas 140 — — ns 
Data setup time tosw 225 — _— ns 
Data delay time topr = a 225 ns * 
Dataholdtime tonw 10 — = ns 
Address hold time taH 10 — — ns 
Data hold time | toy 20 — — ns 





Note: * The following load circuit is connected for specification: 


= 2.2V | 
0.8V 


DBj—DB7 / 2.2V \ 
(MPU—HD61830B) 0.8V 
| tox 


DBo—DB7 2.4V 
(MPU<-HD61830B) | 0.4V 





Test 
point 
Ri =2.4kQ 

R =11kQ 

C = 130 pF (C includes jig capacitance) 
Diodes D, to D4: 182074@ 
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HD61830B External RAM and ROM Interface 
(Vcc = 5 V+10%, GND = 0 V, T, =-20 to +75°C) 





ae LV Ub. “y 


CE 
MAo— MAis5 
OE 
WE 
MD y—MD7 
(Output) 


930 


(High impedance) 


‘oma 
tHmMa 


DOE 
tHoE 


| 


tzmpr {| 


tomb 


2.4Vh Valid 
IR 


7 


2.4V 
L—4] 0.6 'V 


item Symbol Min Typ Max Unit 
MA,—MA, <5 delay time toma _ — 300 ns 
MAo-MA, 5 hold time fave 40 = -_ ns 
CE delay time toce — — 300 ns 
CE hold time tice 40 _ a ns 
OE delay time took — — 300 ns 
- OE hold time tHog 40 — — ns 
MD output delay time tomp — ~ 150 ns 
MD output hold time tumpw 10 — — ns 
WE delay time towe — — 150 ns 
WE clock pulse width twwe 150 — — ns 
MD output high impedance tzMDF 10 — — ns 
time (1) 
MD output high impedance tzMpDR 50 _ — ns 
time (2) 
RD data set-up time tsrp 50 — — ns 
RD data hold time turRD — 40 — — ns 
MD data set-up time tsp 50 — — ns 
MD data hold time | tuo 40 — — ns 
Notes: 1. RAM write timing 
T; tb 
O. va 


tuce 


0.6V 


toma 
tuma 


2.4V 
0.6V 


~ took 
tHoE 
2.4V 
(2. 6V 


ae 


y2.4V 
-# 0.6V 


aoe 


Notes 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,3 
1,3 
1,3. 
1,3 
1,3 
1,3 
1,3 


1,3 


NM | NM TM TM 


71: Memory data refresh timing for upper screen 
T2: Memory data refresh timing for lower screen | 
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T3: Memory read/write timing 





HD61830/HD61830B 


2. ROM/RAM read timing 


Ti To T3 T; 





CR 





0.6V 


t 
fi DMA ce 


tHMA 


t | 
HMA 18 ig 
2.2V i Add f ; Address for | Fray |) 
_ 4 ress for upper screen x the lower { ) 
MAo-MAis 4 ey pp the lov F 
tsmp 


coma | Uno 
2.2Vh + Data for 7 ’ 
MDo~MD7 Data for the upper screen M the lower H ‘ 
(Input) 0.8V# 1. screen 
tsrp tsrap 
turb tyro 
2.2V% 7 =©Data for the q : y 
RDo—RD7 o.8V K Data for the upper screen ) Invalid data A 


*1 This figures shows the timing for H, = 8. 
For H, = 7, time shown by “b” becomes zero. For Hp = 6, time shown by “a” and “b” become 
zero. 
Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of H, = 8, 
H, = 7, or Hy = 6 respectively. 

*2 The waveform for instructions with memory read is shown with a dash line. In other cases, 
the waveform shown with a solid line is generated. 

*3 When an instruction with RAM read/write is executed, the value of cursor address is output. 
In other cases, invalid data is output. 

*4 When an instruction with RAM read is executed, HD61830B latches the data at this timing. In 
other cases, this data is invalid. 


3. Test load circuit 


Vec 





Test 
point 


Ri = 2.4kQ 

R =11kQ 

‘C =50 pF (C includes jig capacitance) 
Diodes D, to D4: 152074@) 
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HD61830B LCD Driver Interface 
(Vcc = 5 V +10%, GND = 0 V, T, = -20 to +75°C) 


Item | 
Clock cycle time 


Clock pulse width 
(high level) 


Clock pulse width 
(low level) 


Data delay time 

Data hold time 

Clock phase difference (1) 
Clock phase difference (2) 
Clock phase difference (3) 
MA, MB delay time 

FLM set-up time 

FLM hold time 

MA set-up time 

MA hold time 
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Symbol 


tweoL2 
tWoH 


two 


top 
toy 
tou 
tcL2 
tos 
tom 
IsF 
tHE 
tsMA 
tHMA 


Min 
416 
150 


150 


100 
100 
100 
100 
-200 
400 
1000 
400 
1000 
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Typ 


Max 


Unit 
ns 


ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


Notes 
1,3 
1,3 


1,3 


1,3 
1,3 
1,3 
1,3 
1,3 
1,3 
2,3 
2,3 
2,3 
2,3 
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Notes: 1. 





twci2 
CL, 
CL, 
0.7Vcc 
D,, D ( ) 
10 fom K—~iOS 
tom 
0.7Vec 
we L 0. 3Vec 
2: 
0.7Vec 
on 0.3Vec 
tsF tur 
0.7Vec 
FLM ( ; 
one ™C—™—S 
. 0.7Vec 
MA : 0.3Vec : 
3. Test load circuit 
Test aes |e . 
point CL CL = 100 pF & includes i) 
af capacitance 
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LCTC (LCD Timing Controller) 


Description 


The HD63645/HD64645/HD64646 LCTC is a 
control LSI for large size dot matrix liquid 
crystal displays. The LCTC is software com- 
patible with the HD6845 CRTC, since its 
programming method of internal registers 
and memory addresses is based on the CRTC. 
A display system can be easily converted 
from a CRT to an LCD. 


The HD64646 LCTC is a modified version of 
the HD64645 LCTC with different LCD inter- 
face timing. 


The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 


A compact LCD system with a large screen 
can be configured by connecting the LCTC 
~ with the HD66204 (column driver) and the 
HD66205 (common driver) by utilizing 4-bit 
X 2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 





Features 


@® Software compatible with the HD6845 
CRTC 

@ Programmable screen size: 

—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

@ High-speed data transfer: 

—Up to 20 Mbits/s in character mode 
—Up to 40 Mbits/s in graphic mode 

‘@ Selectable single or dual screen configu- 
ration 

@ Programmable multiplexing duty ratio: 
static to 1/512 duty cycle | 

@ Programmable character font: 
—1-32 dots (height) 

—8 dots (width) 

@ Versatile character attributes: 
video, blinking, nondisplay 
nondisplay (black) 

@ OR function: superimposing characters 
and graphics display 


reverse 
(white) , 


Cursor with programmable height, blink 
rate, display position, and on/off switch 
Vertical Smooth Scrolling and horizontal 
scrolling by the character 

Versatile display modes programmable 
by mode register or external pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 
Refresh address output for dynamic RAM 
4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

Recommended LCD driver: 

HD66204, HD66214T and HD66224T 
(column) 

HD66205 and HD66215T (common) 
HD66106F and HD66107T (column/ 
common) 

HD66110RT (column) 

CPU interface: 

68 family HD63645 

Z80 family HD64645, HD64646 

CMOS process. 

Single +5 V +10% 


Differences Between Products 
HD63645, HD64645 and HD64646 
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HD63645 HD64645 HD64646 


CPU 68 family 280 family Z80 family 

Interface 

Bus Timing 2 MHz 4 MHz 4 MHz 

Pin Pin 41: RW Pin 41: RD Pin 41: RD 

Arrengement Pin 42: E Pin 42: WR Pin 42: WR 

and Signal 

name 

Other a = modified 

LCD driver 
interface 
timing 
Ordering Infomation 

Type No. CPU Interface Package 

HD63645F 68 family 2 MHz bus 80-pin plastic 

HD64645F = 280 family 4 MHz bus OFP (FP-80B) 

HD64646FS Z80 family 4 MHz bus _80-pin plastic 
QFP (FP-80B) 





HD63645/HD64645/HD64646 


Pin Arrangement 


( ) is for HD64645 and HD64646 (Top View) 
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Pin Description 


Symbol Pin Number /Oo Name 
Vec1, Vec2 17, 32 = Vec 
GND1, GND2 37, 59 - Ground 
LUO-LU3 22-25 O LCD Up Panel Data 0-3 
LDO-LD3 18-21 O LCD Down Panel Data 0-3 
CL1 28 .@) Clock One 
CL2 29 O Clock Two 
FLM 27 O First Line Marker 
M 26 O M 
MAQO-MA15 65-80 O Memory Address 0-15 
RAO-RA4 60-64 O Raster Address 0-4 
MDO-MD7 1-8 | Memory Data 0-7 
MD8-MD15 9-16 i Memory Data 8-15 
DBo-DB7 43-50 1/0 Data Bus 0-7 
cs 39 i Chip Select 
E 41 | Enable (HD63645 Only) 
R/W 42 | Read/Write (HD63645 Only) 
WR 41 | Write (HD64645 and HD64646) 
RD 42 l Read (HD64645 and HD64646) 
RS 40 | Register Select 
RES 38 | Reset 
DCLK 33 l D Clock 
MCLK 34 O M Clock 
DISPTMG 35 O Display Timing 
CUDISP 36 O _ Cursor Display 
SKO 30 | Skew O 
SK1 31 | Skew 1 
ON/OFF 53 | On/Off 
BLE 51 l Blink Enable 
AT | 57 | Attribute 
G/C 58 | Graphic/Character 
WIDE 54 I Wide 
LS | 56 I Large Screen 
D/S 55. | Dual/Single 
| Mode 


MODE 52 
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Pin Functions 
Power Supply (Vcc1, Vcc2, GND) 


Power Supply Pin (+5 V): Connect Vecl 
and V.c2 with +5 V power supply circuit. 


Ground Pin (0V): Connect GND1 and 
GND2 with 0 V. 


LCD Interface 


LCD Up Panel Data (LUO-LU3), LCD 
Down Panel Data (LDO-LD3): LUO-LU3 
and LDO-LD3 output LCD data as shown in 
table 1. 


Clock One (CL1): CL1 supplies timing clocks 
for display data latch. 


Clock Two (CL2): CL2 supplies timing clock 
for display data shift. 


First Line Marker (FLM): FLM supplies 
first line marker. 


M (M): M converts liquid crystal drive output 
to AC. : 


Memory Interface 


Memory Address (MAOQ-MAi15): MAO- 
MA15 supply the display memory address. 


Raster Address (RAOQ-RA4): RAO-RA4 
supply the raster address. 


Memory Data (MDO-MD7): MDO0O-MD7 
receive the character dot data and bit- 
mapped data. 


Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 


MPU Interface 
Data Bus (DBO-DB7): DBO-DB7 send/ 


receive data as a three-state I/O common 
bus. 


HD63645/HD64645/HD64646 


Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 


Enable (E): E receives an enable clock. 
(HD63645 only). 


Read/Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low (HD63645 
only). 


Write (WR): WR receives MPU write signal 
(HD64645 and HD64646). 


Read (RD): RD receives MPU read signal 
(HD64645 and HD64646). 


Register Select (RS): RS selects registers. 
(Refer to table 5.) 


Reset (RES): RES performs external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTC internal counter. No register 
contents are affected. 


Timing Signal 


D Clock (DCLK): DCLK inputs the system 
clock. 


M Clock (MCLK): MCLK indicates memory 
cycle; DCLK is divided by four. 


Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis- 
play data. : 


Cursor Display (CUDISP): CUDISP sup- 
plies cursor display timing; connect with 
MD12 in character mode. 


Skew 0 (SKO)/Skew 1 (SK1): SKO and SK1 
control skew timing. Refer to table 2. 


Mode Select 
The mode select pins ON/OFF, BLE, AT, G/C, 





Table 1 LCD Up Panel Data and LCD Down Panel Data 


Single Screen 
Pin name 4-Bit Data 8-Bit Data Dual Screen 
LUO-LU3 Data output Data output Data output for upper screen 
Disconnected Data output Data output for lower screen 


LDO-LD3 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 


On/Off (ON/OFF): ON/OFF switches dis- 
play on and off (High = display on). 


Blink Enable (BLE): BLE high level enables 
attribute code “blinking” (MD13) and pro- 
vides normal/blank blinking of specified 
characters for 32 frames each. 


Attribute (AT): AT controls character 
attribute functions. 


Graphic/Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high). 


Wide (WIDE): WIDE switches between 
normal and wide display mode (high = wide 
display, low = normal display). 


Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to table 10. 


Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high). 


Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end rasters, etc. 
(Refer to table 9.) 





Table 2 Skew Signals 


SKO SK1 Skew Function 

6) O No skew 

1 0 1-character time skew _ 
‘@) 1 2-character time skew 

1 1 Prohibited combination 
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Function Overview 


LCD and CRT Display Systems 


HD63645/HD64645/HD64646 


Main Features of HD63645/HD64645/ 
HD64646 


Figure 1 shows a system using both LCD and 


CRT displays. 


Main features of the LCTC are: 


High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 
Software compatible with HD6845 
(CRTC) 

Built-in character attribute control circuit 


Table 3 shows how the LCTC can be used. 





Table 3 Functions, Application, and Configuration 


Classification Item 
Functions Screen Format 


Ca eee eee 


Character Attributes 


Application CRTC Compatible 


OR Function 


Configuration LCTC Configuration 


Description 


-@Programmable horizontal scanning cycle by the character clock 


period 

@ Programmable multiplexing duty ratio from static up to 1/512 

@ Programmable number of vertical displayed characters 

@ Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 


Pee mee meme ew em eR ER EM ee ew eR OH OOH ewes 


@Programmable cursor display position, corresponding to RAM 
address 

@ Programmable cursor height by setting display start/end rasters 

@ Programmable blink rate, 1/32 or 1/64 frame rate 


@Time for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 


@ 16-bit memory address output, up to 64 kbytes x 2 memory acces- 
sible 
@ DRAM refresh address output 


@ Paging by updating start address 

@ Horizontal scrolling by the character, by setting horizontal virtual 
screen width | | | 

@ Vertical smooth scrolling by updating display start raster 


@ Reverse video, blinking, nondisplay (white or black), display ON/ 
OFF 


@ Facilitates system replacement of CRT display with LCD 


@Enables superimposing display of character screen and graphic 
screen 


@Single 5 V power supply 

@1/O TTL compatible except RES, MODE, SKO, SK1 

@ Bus connectable with HMCS 6800 family (HD63645) 

e Bus connectable with 80 family (HD64645 and HD64646) 
@ CMOS process 

@ internal logic fully static 

@80-pin fiat plastic package 
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Liquid crystal 
display CRT 
(monochrome) 


LCD display signals 
Frame 
1 LCTC buffer 


HD63645 
HD64645 =a) RAM aa CRTC 
HD64646“// HD6845 


Video signals 





Figure 1 LCD and CRT Displays 


940 HITACHI 





Differences Between HD64645 and 
HD64646 


Figure 2 and figure 3 show the relation 
between display data transfer period, when 
display data shift clock CL2 changes, and 
display data latch clock CL1. Figure 2 shows 
the case without skew function and figure 3 
shows the case with skew function. 


In figure 2, high period between CL2 and CL1 
of HD64645 overlap. HD64646 has no overlap 


MCLK 1 2 3 4 


DISPTMG 


CL1 
(HD64645) 


CL1 
(HD64646) 


~ CL2 
(for2 = fact) 


CL2 


Notes: fucix = Output frequency of MCLK 


fe_2 = Output frequency of CL2 


5 
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like HD64645, and except for this overlap. 
HD64646 is the same as HD64645 function- 
ally. 


Also for the skew function, phase relation 
between CLi and CL2 changes. As figure 3 
shows, data transfer period and CL1 high 
period of HD64646 never overlap with the 
skew function. 


| MCLK x 16 | 


MCLK x 11 | 
ee SD Ne alg ee 


Figure 2 Differences between HD64645 and HD64646 (no skew) 
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MCLK 


DISPTMG | | 
oe | MCLK x 16 
(HD64645) 


CL1 wren 
x 

(HD64646) ven 

CL2 

(fete = fuck) Be ee (0 ey (nee 


CL2 


(fo = tue) J LIL LLL LILA $$$ $$$ $$ $$$ ____-_— 


1 character skew 


DISPTMG | | | | 
CLI ll Gr": | ee 
(HD64645) McrN = 1p . 


(HD64646) . : MCLK x 11 
CL2 
(fo.2 = fcuk) ee Te 


CL2 
(fo.2 = 2fmcux)) | rn 


2 character skew 





Figure 3 Differences between HD64645 and HD64646 (skew) 
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Internal Block Diagram 
Figure 4 is a block diagram of the LCTC. 


DCLK MCLK 


k 


Raster Counter (5 bits) 
Down Sanel Raster | 
CLK Counter (5 bits) = 


Multiplexing Duty 


CLK Ratio Counter (9 bits 


FLM 
Counter IC 
1/2 

CLK Upper Panel Add 


Counter (16 bits) | 


M 


RAg—RAg << 


eae ee 


8-bit/4-bit Counter 


Input Register 


LJ 
MDo—MDi5 
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DISPTMG 


Countei 
Control 


7 
Control 


Data 

Conversion 

Control 
Skew 
Circuit 


(WR) (RD) 
E R/W 
RS CS. DBo—DB7 


Address Register 
& 
R/W Control 


Horizontal Total 
Register (W) 


Display Start Raster 
Register (W) 


Maximum Raster 

Address Register (W) 
Multiplexing Duty 
Ratio Register .(W) 


tart 


19) 
20) 


Address 


‘Screen Width 
Register (W) 


Cursor Address 
Register (R/W) 
: Cursor Start Raster 
Register (W) 
ursor End Raster 
Register (W) 
roa Mode Register (W) 


Mode Control 
Circuit ~ 


b/s 


CUDISP SKOSK1 


( ) is for HD64645 and HD64646 (Z80 types bus interface) 





Figure 4 LCTC Block Diagram 
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System Block Configuration 
Examples | 


Figure 5 is a block diagram of a character/ 


graphic display system. Figure 5 shows two 
examples using LCD drivers. 
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MPU Bus 
cH 


Mode select 


Control signal bus 
Address bus 


Display On/off 
Blink enable 


Data bus 


Module 


Char./Graph..: 
( ) is for HD64645 and HD64646 (Z80 type bus interface) 





Figure 5 Character/Graphic Display System Example 
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Interface to MPU 


P10—P17 | 


HD6301 HD63645 
MPU LCTC 





Note: HD6301 is set in mode 5. P10—P17 are used as output ports, and 
P30—P37 as data buses. SC2 outputs R/W here. 


Interface between HD6301 and HD63645 


HD64180 HD64645 
HD64646 


ai ae Ws LCTC 





Note: In 80 family MPUs, I/O space is separate from memory space in 
software. Thus the LCTC, a part of I/O, needs the ORed signals 
of the interface signals and IOE. So IOE and RD, and IOE and 
WR should be ORed to satisfy tas, the timing of CS, RD, and 
WR. 
Interface between HD64180, HD64645 and HD64646 


Figure 6 Interface to MPU , 
HITACHI GAS 
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Dual screen 


WAS 5 a 

- HD66204|__], HD66204 
(1) (2) 
kd 


HD66205 


eo gi 
Daa: Bas 
HD66204 E HD66204 


(9) (10) 


aay ais 


eS aaa 

zx. Ce 
HD66204 HD66204 
Eq) E (2) 
i ed 


LCD panel 240 x 640 dots 


1/240 duty ratio 





Figure 7 LCD Driver Examples 
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Registers 


Table 4 shows the register mapping. Table 5 differences between CRTC and LCTC regis- 
describes their function. Table 6 shows the ' ters. 





Table 4 Registers Mapping 








Address 
Register Reg Data Bit 
CS RS 43210 no. Register Name Program Unit SymbolIR//W 7 6 5 4 3 2 1 QO 
1 — —-——-— Invalid - — : 
00 ----- AR Address Register — a 
0 1 00000 RO Horizontal Total Characters Character? Nht 
0 1 00001 R1_ Horizontal Displayed Char.s Character Nhd 
0 1 01001 R9 Maximum Raster Address Raster Nr 
0 1 01010 R10 Cursor Start Raster Raster‘ Ncs 
O 1 01011 R11 Cursor End Raster Raster Nce 
0 1 01100 R12 Start Address (H) Memory Address — 
0 1 01101 R13 Start Address (L) Memory Address — 
0 1 01110 R14 Cursor Address (H) _ Memory Address — 
0 1 01111 R15 Cursor Address (L) — Memory Address — 
0 1 10010 R18 Horizontal Virtual Screen WidthCharacter Nir 
0 1 10011 R19 Multiplexing Duty Ratio (H) Raster? Ndh 
0 1 10100 R20 Multiplexing Duty Ratio (L) Raster? Ndl 
0 1 10101 R21 Display Start Raster Raster Nsr 
0 1 10110 R22 Mode Register —Note® + ON/| G/C |WIDE] BLE | AT 
OFF 
Notes: 1. : Invalid data bits 
2. R/W indicates whether write access or read access is enabled to/from each register. 


W: = Only write accessible 
R/W: Both read and write accessible 
3. The “value to be specified minus 1” should be programmed in these registers: RO, R1 and 
R20. 
4. Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27). 
B P Cursor Blink Mode 
O O Cursor on; without blinking 
O 1 Cursor off 
1 0 Blinking once every 32 frames 
1 1 Blinking once every 64 frames 


5. The OR of mode pin status and mode register data determines the mode. 
6. Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 
registers will be ignored. 
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Table 5 | Internal Register Description 


Reg. 

No. Register Name Size(Bits) Description 

AR Address Register 5 Specifies the internal control registers (RO, R1, 
R9-R15, R18-R22) address to be accessed 

RO Horizontal Total Characters 8 Specifies the horizontal scanning period 

R1 Horizontal Displayed Characters 8 Specifies the number of displayed characters per 
character row 

R9 Maximum Raster Address 5 Specifies the number of rasters per character row, 
including the space between character rows 

R10 Cursor Start Raster 5+2 Specifies the cursor start raster address and its 
blink mode 

R11 Cursor End Raster 5 Specifies the cursor end raster address 

R12 Start Address (H) 16 Specify the display start address 

R13 Start Address (L) . 

R14 Cursor Address (H) | 16 Specify the cursor display address 

R15 Cursor Address (L) 

R18 ~—_ Horizontal Virtual Screen Width 8 Specifies the length of one row in memory space 
for horizontal scrolling 

R19 Multiplexing Duty Ratio (H) 9 Specify the number of rasters for one screen 

R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 5 Specifies the display start raster within a character 
row for smooth scrolling 

R22 Mode Register 5 Controls the display mode 


Note: For more details of registers, refer to “Internal Registers” . 
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Table 6 Internal Register Comparison between LCTC and CRTC 




















Reg. 

Ne. LCTC HD63645/HD64645/HD64646 Comparison CRTC HD6845 

AR Address Register Equivalent to CRTC Address Register 

RO Horizontal Total Characters Horizontal Total Characters 
R1 Horizontal Displayed Characters Horizontal Displayed Characters 
R2 = Particular to CRTC ; Horizontal Sync Position 
R3 unnecessary for LCTC Sync Width 

R4 Vertical Total Characters 
R5 Vertical Total Adjust 

R6 Vertical Displayed Characters 
R7 Vertical Sync Position 

R8 | Interlace and Skew 

R9 Maximum Raster Address Equivalent to CRTC. Maximum Raster Address 
R10 Cursor Start Raster Cursor Start Raster 

R11 Cursor End Raster Cursor End Raster 

R12 Start Address (H) Start Address (H) 

R13 Start Address (L) Start Address (L) 

R14 Cursor Address (H) Cursor (H) 

R15 Cursor Address (L) Cursor (L) 

R16 | Particular to CRTC ; Light Pen (H) 

R17 unnecessary for LCTC Light Pen (L) 


R18  ~Horizontal Virtual Screen Width Additional registers for LCTC 
R19 Multiplexing Duty Ratio (H) 

R20 Multiplexing Duty Ratio (L) 

R21 Display Start Raster 

R22 Mode Register 
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Functional Description 


Programmable Screen Format display screen and registers. Figure 9 shows a 
3 timing chart of signals output from the LCTC 
Figure 8 illustrates the relation between LCD in mode 5 as an example. 


Horizontal Total Characters (RO) 


Horizontal Displayed Chars. (R1) 


Start Address (R12) 


Display Period . CPU 
Memory Write Time 


Horizontal 


35 
$a 
cc 
= N 
My 
oo 
$3 “he 
ef p 
ce 
2a a 
no Re) 
nm D 
ec 
5% 
aa 
2s 
os 3 
z= 


(R19, R20) 


(1 Character) 





Figure 8 Relation between Display Screen and Registers 
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vex UU UU 


DISPTMG 





Lae JUL COLT 
mao-mars Yo VayaVeKe\ JRESQB8EEC geceecsoese 
A ee ell Ie 
oI ees ae Wee i ; a eee 
| wo EXKNARBG GREK” J8Reee 

si SHNNEARAOARE 7 ono... 
Wwe NAANN4440055 Gaaaan 0000) | 

wus ANN IO 
i 000000000000 CGiman 0000) | Cnn 0 Os 
TCD 040000000000 CD 00) 0) ) a 0 | - 
ra C0000 0000000 Cm 0000) | Cinna ¢| 

\o2 ——Tonnennnoonno00008 


- one shown in this chart. Refer to “Difference between HD64645 and 
HD64646”. 














Figure 9 LCTC Timing Chart (In Mode5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 

The following cursor functions (figure 10) can 
be controlled by programming specific regis- 
ters. 


Cursor display position 





Cursor height 
Cursor blink mode 


A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 


Cursor 


Start Raster 


Cursor 
End Raster 


Figure 10 Cursor Display 
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Character Mode and Graphic Mode 


The LCTC supports two types of display 
modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for a system using the CRTC (HD6845). 


The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 


Character Mode: Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black) ,by stor- 
ing the attribute data in attribute RAM (A- 
RAM). 


Figure 11 illustrates the relation between 
character display screen and memory con- 
tents. 


Reverse 
Video Blinking 
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Graphic Modei1: Graphic mode directly 
displays data stored in a graphic memory 
buffer. The display data supplied from mem- 
ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 12 illustrates the relation 
between graphic display screen and memory 
contents. 


Graphic Mode 2: Graphic mode 2 utilizes 
software for a system using the CRTC 
(HD6845). The display data supplied from 
memory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly the number of times spec- 
ified by maximum raster register (R9). The 
raster address is output in the same way as in 
character mode. 


VRAM 
(Char. 
code) 
8—Dbit 


Start 
address ~*7 | at | 


Reverse Video 


Blinking 


Figure 11 Relation between Character Screen and Memory Contents 
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Horizontal Virtual Screen Width direction by the character, by setting the 
horizontal virtual screen width and updating 

Horizontal virtual screen width can be speci- the start address. This function is enabled by 

fied by the character in addition to the num- programming the horizontal virtual screen 

ber of horizontal displayed characters (figure width register (R18). 

13). 


Figure 14 shows an example. 
The display screen can be scrolled in any 





M MM M | 
p> VRAM pp ARAM VRAM | ARAM 


8-bit _| 


7° "0 15 8-dit 


Display Screen 





Figure 12 Relation between Graphic Screen and Memory Contents 





Horizontal 
displayed 
characters (R1) 


Horizontal virtual screen width(R18) 


Figure 13 Horizontal Virtual Screen Width 
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Example: 
R18 (Horizontal Virtual Screen Width) 
R1 (Horizontal Displayed Characters) = 


Start Address 


Displayed Area 


Performing horizontal 
scroll by updating 
the start address: 
0to4 





Figure 14 Example of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll Wide Display 

Vertical smooth scrolling (figure 15) is per- The character to be displayed can be doubled 

formed by updating the display start raster, in width; by supplying the same data twice 

as specified by the start raster register (R21). (figure 16). This function is offered only in 

This function is offered only in character character mode, and controlled either by bit 2 

mode. of the mode register (R22) or by the WIDE 
pin. 





Raster 
Address 





Display start raster address 


(R21) =O (R21) = 1 (R21) =2 





Figure 15 Example of Smooth Scroll by Setting Display Start Raster Address 


123 45 67 8 | 11223 34 45 5667378 8 
WIDE = Low WIDE = High 


Figure 16 Example of Wide Display - 
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Attribute Functions 
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The attribute functions are offered only in 


- character mode, and controlled either by bit 0 


A variety of character attribute functions 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im- 
plemented by storing the attribute data in A- 
RAM (attribute RAM). Figure17 shows a 
display exams using each attribute func- 
tion. 


1. Black 


of the mode register (R22) or the AT pin. As 
shown in figure 18, a character attribute can 
be specified by placing the character code on 
MDO-MD7, and the attribute code on MDi11- 
MD15. MD8-MD10 are invalid. 


2. White 


A Ur 


3. Blinking 


Alo 


4. Cursor 
5. Reverse Video 





> A 


Figure 17 Display Example Using Attribute Functions 


Non- Non- 
display | display 
(black) | (white) 


Function 


Reverse 
Cursor 
video 





Character Code 


*: Invalid: 


Figure 18 Attribute Code 
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OR Function—Superimposing Charac- this data as 1 byte. 
ters and Graphics 7 | _ 

This function is offered only in character 
The OR function (figure 19) generates the OR mode, and controlled by bitO of the mode 


of the data entered into MDO-MD7 (e.g. register (R22) or by the AT pin. Any attribute 
character data) and the data into MD8-MD15 functions are disabled when using the OR 
(e.g. graphic data) in the LCTC and transfers function. 











Graphic data Character data 









(Character data) (Graphic data) 
Mora ee ne a ee 
MD15 MD147 7-7-7 MD9 MD8 MD7Z7 MD6 ----~ MD1i MDO 
CS SS SS SS ae Se ee ead ee ee) Fe ee eee ey ea ee ees ee ey 


Oo 


8-bit 
data 


— op ee ae ew we ee ew lew ele ee eee eee 


Figure 19 OR Function 
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DRAM Refresh Address Output Function 


The LCTC outputs the address for DRAM 
refresh while CL1 is high, as shown in figure 
20. The 16 refresh addresses per scanned line 
are output 16 times, from $00-$FF. 


Skew Function 

The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 
inputs. 


If buffer memory and character generator 
ROM cannot be accessed within one hori- 
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zontal character display period, the access is 
retarded to the next cycle by inserting a latch 
to memory address output and buffer mem- 
ory output. The skew function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. 


By utilizing this function, a low-speed mem- 
ory can be used as a buffer RAM or a charac- 
ter generator ROM. 


This function is controlled by pins SKO and 
SK1 as shown in table 7. 





Table 7 Skew Function 


SKO — SK1 Skew Function 

O O No skew 

1 O 1 character time skew 
O 1 2 character time skew 
1 1 inhibited combination 


DISPTMG | 
CL1 | | 1 | 


MCLK 


Display 
Memory 
Address 





Figure 20 DRAM Refresh Address Output 


Display 
Memory 
i Address 


DRAM Refresh 
Address 


HITACHI — 

















HD63645/HD64645/HD64646 


Easy Mode 


This mode utilizes software for systems using 
the CRTC (HD6845). By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized ina 
system using the LCTC, without changing 
the BIOS. 


Automatic Correction of Down Panel 
Raster Address | 


When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of a display 
spread over the two panels. Therefore users 
can use the LCTC without considering the 
multiplexing duty ratio (the number of verti- 
cal dots of a screen) or the character font. 
(See figure 21.) 





Table 8 Fixed Values in Easy Mode 


Reg. No. Register Name 

RQ Maximum raster address 

R10 Cursor start raster 

R11 Cursor end raster 

R18 Horizontal virtual screen width 
R19 Multiplexing duty ratio (H) 
R20 Multiplexing duty ratio (L) | 
R21 Display start raster 

R22 : Mode register 


Up panel 


-~---ARCG------ 


Down panel 


Fixed Value (decimal) 


7 

6 

7 

Same value as (R1) 

99 (in dual screen mode) 
199 (in single screen mode) 
0 

O 


Characters are continuous in spite of 
the break of a screen. 





Figure 21 Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 


LCD System Configuration 


The screen configuration, single or dual, must 
be specified when using the LCD system 
(figure 22). 


Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column drivers is smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 


The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi- 
nals. For a general size LCD screen, such as 
640 x 200 single, or 640 < 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 


Single screen 


2 
gs 
O 
c 
6 
E 
E 
6 
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Hardware Configuration and Mode Set- 
ting 


The LCTC supports the following hardware 
configurations: 


Single or dual screen configuration 
4-or 8-bit LCD data transfer 


and the following screen format: 


Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 
OR or attribute display (only in character 
mode) 


Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (modei3) for large 
screen display. This mode is provided only in 
graphic 1 mode. | 


Table 9 shows the mode selection method 
according to hardware configuration and 


screen format. Table 10 shows how they are 
specified. 


Column Driver (Upper panel) 


LCD Upper Panel 


a | 
© 
2 
fee 
| 1 | 
c 
ae 
E 
ia 
fo} 
O 


Column Driver (Lower panel) 


Dual screen 





Figure 22 Hardware Configuration According to Screen Format 
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Table 9 Mode Selection 


Hardware Configuration Screen Format 
Screen Maximum 
LCD Data Configu- Screen Character/ Normal/ Attribute/ data transfer 
Transfer ration Size Graphic Wide OR speed(Mbps) Mode No. 
4-bit Single Normal Character Normal AT — 20 5 
| OR | 
Wide AT. | 10 6 
OR . 
Graphic 1 20 7 
Graphic 2 20 8 
Dual Normal Character Normal AT 20 1 
OR 
Wide AT. 10 2 
OR | 
Graphic 1 20 3 
Graphic 2 20 4 
Large Graphic 1 40 13 
8-bit Single Normal Character Normal AT. 20 9 
OR 
Wide AT. 10 10 
OR 
Graphic 1 20 11 
Graphic 2 20 12 


Note: Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the 
data transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 
Table 10 Mode List 


Pin Name 
———_——————-___ Screen Graphic/ Data Wide 
No. Mode Name D/SG/CLS WIDEAT  Confg. Character = Transfer Dieplay Attribute 
1 Dual-screen 100 0 0 Dual Character 4-bit Normal OR 
character 10001 screen x 2 AT 
2 ODual-screen 100 1 0 Wide OR 
wide character 10011 AT. 
3  Dual-screen graphic 1 110 0 41 Graphic _ - 
4 Dual-screen graphic2 1 1 0 0 O 
5 Single-screen 0 0 0 0 0 Single Character 4-bit Normal OR 
character 00001 screen AT 
6 Single-screen 000 1 0 Wide OR 
wide character 0001 1 a AT 
7 ~~ Single-screen 0 10 0 1 Graphic 
graphic 1 =n _ 
8 Single-screen 0 10 0 
graphic 2 
9 8-bit character 00 1 0 0 Single Character 8-bit Normal OR 
0.0) Ok einen AT 
10 8-bit wide 00 1 1 0 Wide OR 
character 0011 1 Se ene 
11  8-bit graphic 1 Oo 110 41 Graphic 
12 8-bit graphic 2 01100 | — > 
13 Large screen 1141 0 1 Dual 4-bit 
screen x2 


The LCTC display mode is determined:by pins D/S (pin 55), G/C (pin 58), LS (pin 56), WIDE (pin 54), 
and AT (pin 57). As for G/C, WIDE, and AT, the OR is taken between data bits O, 2, and 3 of the mode 
register (R22). The display mode can be controlled by either one of the external pins or the data bits of 
R22. 


Note: The above 5 pins have 32 status combinations (high and low). Any combinations other than the 
above are prohibited, because they may cause malfunctions. If you set an prohibited combina- 
tion, set the right combination again. 
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Internal Registers 


The HD63645/HD64645/HD64646 has one 
address register and fourteen data registers. 
In order to select one out of fourteen data 
registers, the address of the data register to 
be selected must be written into the address 
register. The MPU can transfer data to/from 
the data register corresponding to the writ- 
ten address. 


To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
defined as invalid for the LCTC. 


Address Register (AR) 


AR register (figure 23) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 


‘oo Total Characters Register 
RO 


RO register (figure 24) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1 must be programmed 
into this 8-bit register in character units. Nht 
indicates the horizontal scanning period in- 
cluding the period when the CPU occupies 
memory (total number of horizontal charac- 
ters minus the number of horizontal 
displayed characters). Its units are, then, 
converted from time into the number of 
characters. This value should be specified 
according to the specification of the LCD 
system to be used. 


Note the following restrictions 


16 
Nhd + 7) = Nht + 1 


Mode No. m 
5,9 1 
1,6,7,8,10, 11,12, 13 2 
2,3,4 4 


Horizontal Displayed Characters Regis- 
ter (R1) 


R1 register (figure 25) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16 dots for wide character 
display and graphic display. 


Nhd must be less than the total number of 
horizontal characters. 


Maximum Raster Address Register (R9) 
R9 register (figure 26) specifies the number 


of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is O (1 


Yraster/row) to 31 (32 rasters/row). 


Cursor Start Raster Register (R10) 


R10 register (figure 27) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 





Data Bit 


| Data Bit | Program Unit Program Program Unit| RW. |R/W | 
2 
|—|—|—| Register address | Register address 


Figure 23 Address Register 





Data Bit Program Program Unit RW 


[Data Bit Program Unit 
EUUCECuC saa il 
Nht | Nht (Total characters — 1) characters — 1) Character 


Figure 24 Horizontal Total 
Characters Register 
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Data Bit Program Program Unit RW. 


| ata Bit [Program Unit 
sa ee maw | w 
Nhd | Nhd (Displayed characters) _| characters) Character 


Figure 25 Horizontal Displayed 
Characters Register 












rear | 
EE ED 


Figure 26 Maximum Raster Address 
Register 





32- or 64-frame 


Cursor End Raster Register (R11) 


Ri1 register (figure 28) specifies the cursor 
end raster address. 


Start Address Register (H/L)(R12/R13) 


R12/R13 register (figure 29) specifies a buffer 
memory read start address. Updating this 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 
the MPU. 


Cursor Address Register (H/L) (R14/R15) 


R14/R15 register (figure 30) specifies a cursor 
display address. Cusor display requires set- 
ting R10 and R11, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 
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Horizontal Virtual Screen Width Regis- 
ter (R18) 


R18 register (figure 31) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 


The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 


Multiplexing Duty Ratio Register (H/ L) 
(R19/R20) 


R19/R20 register (figure 32) specifies the 
number of vertical dots of the display screen. 
The programmed value differs according to 
the LCD screen configuration. 


In single screen configuration : 


(Programmed value) = (Number of vertical 
dots) — 1. 





Table 11 Cursor Blink Mode 
B P Cursor blink mode 
0 QO Cursor on; without blinking 
0) 1 Cursor off 
1 Osi Blinking once every 32 frames 
1 1. Blinking once every 64 frames 


Data Bit 


Program Program Unit RAW 


| ata Bit | Program Unit 
7{6[5] 4/3) 2] 1/0] 
il |Nes (Raster address) | (Raster address) Raster 


Figure 27 Cursor Start Raster Register 





Data Bit Program Program Unit] RW) RW 


| Data Bit | Program Unit 
7/8] 8/4/31 2/1] 0) 
=| =| = [Nee (Resteraddress)] Raster 


Figure 28 Cursor End Raster Register 
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} Data Bit } Data Bit 


Program Unit Program Unit| RW RAW | 


PTsTeTsTs aT Te 
| Memory address (H) (R12) _| address (H) (R12) Memory 


Figure 29 Start Address Register 





} Data Bit Bit | Data Bit =———_—| Program Unit! Program Unit RW 


7]6|s/4}sj2jijo 
| Memory address (H) (R14) _| address | Memory address (H) (R14) _| (R14) Memory 


Figure 30 Cursor Address Register 
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In dual screen configuration : 
(Programmed value) = | 
(Number of vertical dots) _ 1 
5 - 
Display Start Raster Register (R21) 
R21 register (figure 33) specifies the start 


raster of the character row displayed on the 
top of the screen. The programmed value 


should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 


Mode Register (R22) 


The Or of the data bits of R22 (figure 34) 
register and the external terminals of the 
same name determines a particular mode. 
(figure 35) 





Data Bit 


Program Program Unit| RW | 


[Data Bit [Program Unit 
piitsb ry) 
Nir INir (No. of chars. of virtual width) of chars. of virtual width); Character 


Figure 31 Horizontal Virtual Screen 
Width Register 





| Data Bit Bit 


Ndl } Nal (Number of rasters - 1) (R20) | of rasters — } Nal (Number of rasters - 1) (R20) | (R20) 


ze |- 


* : Number of rasters 





Figure 32 Multiplexing Duty Ratio 
Register 


Data Bit 


POOGGC tC aaa 
}—|—|—| Raster address _ | Raster address _| address 


Figure 33 Display Start Raster Regis- 
ter 





Data Bit Program Unit Program Unit| RW 


BGR ES SBE 
= |=] = |onvore a/c pane ave] ar} 





Figure 34 Mode Register 
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AT 
(data bit 0) 


BLE 
(data bit 1) 


WIDE 
(data bit 2) 


G/C 
(data bit 3) 


ON/OFF 
(data bit 4) 


Mode Register ON/OFF G/C WIDE BLE AT 
(R22) (Pin 53) (Pin58)  (Pin54) (Pin 51) (Pin 57) 


AT (valid only when G/C is low (character mode) ) 
AT = High: Attribute functions enabled, OR function disabled. 
AT = Low: OR function enabled, attribute functions disabled. 


BLE (valid only when G/C is low (character mode) ) 
BLE = High: Blinking enable on the character specified by attribute RAM 
BLE = Low: No blinking 


WIDE (valid only when G/C is low (character mode) ) 
WIDE = High: Wide display enabled 
WIDE = Low: Normal display 


G/C | 
G/C = High: Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low: Character display 


ON/OFF 
ON/OFF = High: Display on state 
ON/OFF = Low: Display off state 


Figure 35 Correspondence between Mode Register and External Pins 
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Restrictions on Programming Internal 
Registers 


Note when programming that the values you 
can write into the internal registers are 
restricted as shown in Table 12. 





Table 12 Restrictions on Writing Values into the Internal Registers 


Function Restrictions Register 
Display Format 1 < Nhd < Nht + 1 3 256 RO, R1 


16 | 
Nhd + 12 ., = Nht + 1 


(No. of vertical dots) x (no. of horizontal dots) x R1, R19, R20 
(frame frequency;frrm) = (data transfer speed; V) 


{2} #2 x (Nd + 1) x Nhd x tai *3 ferm = V 


Nhd s Nir R1, R18 
“OSNGS51000,0,°©¢©,06¢<6<— R19,R20 
Cursor Control O = Nes 3 Nce R10, R11 
“NeeSNro RQ 
Smooth Scroll Nsr = Nr R21, R9 
Memory Width Set O 8 Nir 3255 R18 


Notes’ *1 m varies according to the modes. See the following table. 


Mode No. m 
5,9 1 
1,6,7,8,10,11,12,13 2 
2,3,4 4 


*2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as 
shown in the following table. | 


Mode No. Value 
5,6,7,8,9,10,11,12 1 
1,2,3,4,13 2 


*3 Set 8 when a character is constructed with 8 dots, and set 16 when with 16 dots. Modes 
are classified as shown in the following table. 


Mode No. Value 
1,5,9 8 
2,3,4,6,7,8,10,11,12,13 16 
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Reset 


RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. . 


Reset is defined as follows (Figure 36): 


At reset: the time when RES goes low 

During reset: the period while RES 

remains low 

e After reset: the period on and after the 
RES transition from low to high 

@ Make'sure to hold the reset signal low for 

at least 1 us 


RES pin should be pulled high by users dur- 
ing operation. 


Reset State of Pins 

RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 


1. Preserve states before reset: 
LUO-LU3, LDO-LD3, FLM, CL1, RAO-RA4 


During reset 


At reset 
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2. Fixed at high level: 
MLCK 

3. Preserve states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 
DISPTMG, CUDISP, MAO-MAi5 

4. Fixed at high or low according to mode: 
CL2 

5. Unaffected: 
DBo-DB7 


Reset State of Registers 


RES pin does not affect register contents. 
Therefore, registers can be read or written 
even during a reset state; their contents will 
be preserved regardless of reset until they 
are rewritten to. 


Notes for HD63645/HD64645 /HD64646 


1. The HD63645/HD64645/HD64646 are 
CMOS LSIs, and it should be noted that. 
input pins must not be left disconnected, 
etc. 

2. At power-on, the state of internal regis- 
ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 


After reset 


Figure 36 Reset Definition 
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Absolute Maximum Ratings 


item Symbol Value Note 
Supply voltage t—t—=—“‘iéit*éCSN:*C“‘C ‘C“((N(N(C(C(CC(C#CSWSMOVZOVO©=©6UC“<*<i‘SOCOSOC2OWOC*”;” 
Terminal voltage | Vin —0.3 to Vec +0.3V 2 
Operating temperature Topr —20° to +75°C 

Storage temperature Tstg —55°C to +125°C 


Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0V +10%, GND = OV, Ta 
= —20° to +75°C). If these conditions are exceeded, it could affect reliability of LSI. 

2. With respect to ground (GND = OV) 


Electrical Characteristics 


DC Characteristics (Vcc = 5.0V +10%, GND =OV, T,=—z0°C to +75°C, unless 
otherwise noted) 


item Symbol Min Typ Max Unit condone 
Input high voltage a MODE, SKO,Viy, Vec—0.5 Vect+t0.3 V 
DCLK, ON/OFF 2.2 Vect0.3 V 
All others 2.0 Vect+0.3 V 
Input low voltage All others VIL -0.3 0.8 V 
Output high voltage = TTL interface’ Vou 2.4 Vv loH = —400uA 
CMOS interface! — Vec-0.8 V loo = — 400A 
Output low voltage TTL interface Voi 0.4 V lbt=1.6mMA 
CMOS interface 0.8 V lt =400nA 
Input leakage current All inputs except fe _ 266 +2.5 uA 
DBo-DB7 
Three state (off-state) DBo—DB7 ITsL -10 +10 uA 
leakage current 
Current dissipation? Icc 10 mA 





Notes: 1. TTL Interface; MAO-MA15, RAO-RA4, DISPTMG, CUDISP, DBO-DB7, MCLK 
7 C-MOS Interface; LUO-LU3, LDO-LD3, CL1, CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacitive loads of LUO-LU3 and LDO-LD3 exceed the rating, noise over 0.8 V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LUO-LU3 and 
LDO-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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AC Characteristics 


CPU Interface (HD63645 —— 68 family) 
(Vcc = 5.0V + 10%, GND = OV, Ta =—20°C to + 75°C, unless otherwise noted) 


item Symbol Min Typ Max Unit Figure | 
Enable cycle time §# §= tee 500 ms 37. 
Enable pulse width (high) == ss s Pwe—(iti22 s—(isti‘i‘irSC 

Enable pulse width (low) Pwet 220 ns 

Enable rise time ter 25 ns 

Enable fall time ter 25 ns 

CS, RS, R/W setup time tas 70 ns 

CS, RS, R/W hold time taH 10 ns 

DBo-DB7 setup time tos 60 ns 

DBo-DB7 hold time . toHw 10 ns 

DBo-DB7 output delay time toor 150 ns 


DBo-DB7 output hold time tour 20 ns 


DBo—DB, 
(input) 


DB)—DB, 


(output) | Data Valid 





Figure 37 CPU Interface (HD63645) 
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CPU Interface (HD64645 and HD64646 —— 80 family) 
(Vcc = 5.0V + 10%, GND = OV, T. =—20°C to + 75°C, unless otherwise noted) 


item Symbol Min Typ Max Unit Figure 
RDhighlevel width == = = = = = ~~ twan=S—i<‘i190—s—‘<i‘(‘(i;é‘ Ct!) UK! 
RD low level width Rane 190 ns | 

WR high level width twwrH 190 ns 

WR low level width — twwa_ 190 ns 

CS, RS setup time tas fe) ns 

CS, RS hold time | taH 0 ns 

DBo-DB7 setup time tpsw 100 ns 

DBo-DB7 hold time toHw 0) ns 

DBo-DB7 output delay time toor 150 ns 

DBo-DB7 output hold time toHR 20 ns 





Figure 38 CPU Interface (HD64645 and HD64646) 
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AC Characteristics (Cont) 


Memory Interface 
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(Vcc = 5.0V + 10%, GND = OV, T. =—20°C to + 75°C, unless otherwise noted) 


item 

DCLK cycle time 
DCLK high level width 
DCLK low level width 
DCLK rise time 

DCLK fall time 

MCLK delay time 
MCLK rise time 
MCLK fall time 
MAO-MA15 delay time 
MAO-MA15 hold time 
RAO-RA4 delay time 
RAO-RA4 hold time 
DISPTMG delay time 
DISPTMG hold time 
CUDISP delay time 
CUDISP hold time 
CL1 delay time 

CL1 hold time 

CL1 rise time 

CL1 fall time 
MDO-MD15 setup time 
MDO-MD15 hold time 








Symbol Min 


tcycp 100 
tWoH 30 
twoL 30 
tor —— 
tor a 
tomb = 
tur — 
tuft = 
tmMapD = 

_ tMAH 10 
trRaD = 
tRAH 10 
toto = 
toTH 10 
tcpp = 
tcpH 10 
tcL1p = 
tcLin 10 
teLir oe 
tcf oe 
tmps 30 
tmDH 15 
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Typ 


20 
20 
60 
30 
30 
150 


150 


150. 


150 


150 


50 
50 


Unit 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Figure 


39 
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~ MAO--MA15 


RAO—RA4 


DISPTMG 


CUDISP 


MDO—MD15 
(input) 


974 


On 
bb 
<< 


: 
———— 
, 
me 


a > —~< 





Figure 39 Memory Interface 
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AC Characteristics (Cont) 


LCD Interface 1 (HD63645 and HD64645) 
(Vcc = 5.0V + 10%, GND = OV, T. =—20°C to + 75°C) 


item Symbol Min Typ Max Unit Figure 
Display data setup time tis 50 — — ns 40. 
Display data hold time tLoH 100 _ - ns 
CL2 high level width twcL2H 100 = = ns 
CL2 low level width tWcL2L 100 = sas ns 
FLM setup time tes 500 = = ns 
FLM hold time teH 300 a _— ns 
CL1 rise time tcvir a = 50 ns 
CL? fall time toLif —  — 50 ns 
CL2 rise time tear Sa = 50 ns 
| CL2 fall time tcLat = = 50 ns 


Note: At fCL2 = 3 MHz — 


LUO—LU3 
LDO—LD3 


Véc—0.8V 
- 0.8V 





Figure 40 LCD Interface 
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AC Characteristics (Cont) 
LCD Interface 2 (HD64646 at fc1r2 = 3 MHz) 


(Vcc = 5.0V + 10%, GND = OV, Ta =—20°C to + 75°C) 


item 

FLM stetup time 

FLM hold time 

M delay time 

CL1 high level width 
Clock setup time 

Clock hold time 

Phase difference 1 
Phase difference 2 
CL2 high level width 
CL2 low level width 
CL2 rise time 

CL2 fall time 

Display data setup time 
Display data hold time 
Display data delay time 


LCD Interface 3 (HD64646 at fcr2 = 5 MHz) 
(Vcc = 5.0V + 10%, GND = OV, Ta 


item 

FLM setup time 

FLM hold time 

M delay time 

CL1 high level width 
Clock setup time 

Clock hold time 

Phase difference 1 
Phase difference 2 

CL2 high level width 
CL2 low level width 
CL2 rise time 

CL2 fall time 

Display data setup time 
Display data hold time 
Display data delay time 
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Symbol 
tFs 
tFH 
tom 
tcL1H 
tscL 
tHCL 
tep1 
tep2 
tcL2H 
teLat 
teLar 
tc. 
tLos 
tLDH 


tiop 


500 


300 
300 
500 
100 
100 
500 
100 
100 


80 
100 


Typ 


=—20°C to + 75°C) 


Symbol Min 
tes 500 
teH 500 
tom 7 
tcLiH 300 
tsct 500 
tHcL 100 
tep1 70 
tep2 500 
. tcL2H 50 
tcLaL 50 
tcL2r a 
tcL2¢ = 
tips 30 
tLoH 30 
tLop = 
HITACHI 


Typ 


50 
50 


30 


50 
50 


30 


Unit Figure 
ns 41 


ns 
ns 
ns 
ns 
ns 
ns 
Ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


Unit Figure 
ns 41 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 


ns 
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tear | | tcv2H 


LUO-LU4 
LDO-LD4 0.8V 





Figure 41 LCD Interface 
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AC Characteristics 


TTL Load 

Terminal | Ri R Cc Remarks 
DBo-DB7 2.4kQ 11kO 130 pF tr, tf: Not specified 
MAO-MA15, RAO-RA4, DISPTMG, CUDISP 2.4kQ 11kQ 40 pF 

MCLK 2.4kQ 11kQ 30 pF tr, tf: Specified 


All diodes: 152074) 





Capacitive Load 


Terminal Cc Remarks 

CL2 150 pF tr, tf: Specified 
CL1 200 pF . 

LUO-LU3, LDO-LD3, M 150 pF tr, tf: Not specified 


FLM 7 50 pF 





| Refer to user’s manual (No. 68-1-160) and application note (No. ADE-502-003) for detail of this 
product. | 
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(240-Channel Row Driver with Internal 


LCD Timing Circuit) 


Description 


The HD66503 is a row driver for liquid 
crystal dot-matrix graphic display systems. 
This device incorporates 240 liquid crystal 
driver and an oscillator, and generates 
timing signals (AC switching signals and 
frame synchronizing signals) required for 
the liquid crystal display. Combined with 
the HD66520, a 160-channel column driver 
with an internal RAM, the HD66503 is 
optimal for use in displays for portable 
information tools. 


Features 


@ LCD timing generator: 1/120, 1/240 duty 
cycle internal generator/external input 
switching 

® AC signal waveform generator: Pin 
programmable 1-63 line inversion 

® Recommended display duty cycle: 
1/120, 1/240 | 

@® Number of LCD driver: 240 

® High voltage: 8-V to 28-V LCD drive 
voltage 

@ Low power consumption: 100 pA 
(during display) 

@ Internal display off function 

® Oscillator circuit with standby function: 
130 kHz (max) . 

@ Display timing operation clock: 65 kHz 
(max) (operating at 1/2 system clock) 
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Internal Block Diagram 


ocala 


LCD driver (LD) 


ee 


Input direction control and bidirectional shift register 


¥, ° 
een tld eer CLIP y 


A ae pee 
pee | timing cm [as 
generator 
> ———_—+---] pop} pf 


i switcing signal 
generator 


a 1 


1. LCD driver 


Selects one of four LCD drive voltage levels 
(Vi, V2, V5, and V6) depending on a 
combination of shift register data and the 
value of M, the AC switching signal, and 
transfers that voltage to the output circuit. 


2. Level shifter 


Boosts 5-V signals to high voltage signals 
for the LCD drive. 


mae Te generator THEI 


MS DUTY MwSs MEOR OISPSSHL 





3. Bidirectional shift register (240 bits) 


Shifts internally generated data or data 
input from the FLM pin at each falling edge 
of the data transfer clock CL1. Shift direction 
can be switched using SHL signals. 
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Pin Description 


Symbol 


Vec1 
Vec2 
GND 

VeeL, 
VegeR 


Classification 
Power supply 


ViL, V1R 


V2L, V2R 


V5L, VSR 


V6L, V6R 


Control signals M/S 


MWS o to 
MWSs 


MEOR 


CR, C,R 





Pin No. 


246 
267 


250 


245 
268 


244 
269 


241 
272 


242 
271 


243 
270 


266 


259 


257 
256 
255 
254 
253 
252 


258 


247 


249 


Pin Name /O 


Vec1 Power supply 
Vec2 

GND Power supply 
LCD drive 
level power 
supply 

LCD select 
high-level 
voltage 
LCD select 


low-level 
voltage 


LCD deselect 
low-level 
voltage 


LCD deselect 
high-level . 
voltage 


Power supply 


Input 


Input 


Input 


Input 


Master/slave 
switching 


Input 


Display duty 
ratio select 


Input 


AC switching 
signal cycle 
select 


Input 


AC switching 
signal EOR 


Input 


Oscillator 
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Number 
of Pins 


2 
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Functions 
Vcc-GND: 
logic power supply 


Vcc-VeE: LCD 
drive circuits 
power supply 


LCD drive level 
power supply 
See figure 1. 


Control signal 
enabling/disabling 
LCD timing 
generator operation. 
Timing generator 
halts at low level. 
Timing generator 
operates at high 
level. (Refer to Pin 
Functions for details.) 


Low level: 1/120 
display duty ratio 
High level: 1/240 
display duty ratio 


Sets cycle for AC 
switching signal M 
in a line unit (1 to 
63). The term 0 is 
for external input. 
(Refer to Pin 
Functions for 
details.) 


Selects EOR 
processing for 
frame inversion 
waveform and AC 
signal M. 


These pins are 
used as shown in 
figure 2 in master 
mode, and as 
shown in figure 3 
in slave mode. 
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Pin Description (Cont’d.) 


Classification Symbol 
Control signals RESET 


LCD timing CL1 


FLM 


SHL 


DISPOFF 


DOC 


LCD drive output X1to 
X240 


Note: 30 input/outputs (excluding driver block) 
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Pin No. 


261 


263 


264 


262 


251 


260 


265 


240 


Pin Name 1/0 
Reset Input 


Display data I/O 
transfer 


First line /O 
marker 


AC switching 1/O 
signal 


Shift direction Input 
select 


Display off Output 
signal 


Display off 1/0 
control 
signal 


LCD drive Output 
output 
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Number 
of Pins 


1 


240 


Functions 


Stops oscillator 
circuits, initializes 
internal counter, 
and switches 
display off. (Refer 
to Pin Functions 
for details.) 


Display-data 
transfer clock I/O 
pin. (Refer to Pin 
Functions for 
details.) 


First line marker 
I/O pin. (Refer 
to Pin Functions 
for details.) 


AC control I/O 
pin for LCD drive 
output. 


FLM -> X1 -> X240 
at low, and FLM -> 
X240 -> X11 at high. 


Fixes LCD drive 
output to select 
high level. When 
low level, LCD 
drive outputs X1 
to X240 are set to 
V1, the LCD select 
high level. Display 
can be turned off 
by setting a segment 
driver to level V1. 


Inputs and outputs 


a display-off control 


signal in response 
to the DISPOFF 
signal and oscillator 
startup sequence. 
(Refer to Pin 
Functions for details. 


Selects one from 
among four levels 
(V1, V2, V5, and V6) 
depending on the 
combination of M 
signal and display 
data. See figure 4. 
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Cf 


Rf 


External clock 


CR R Cc 


_ Internal oscillation 





Figure 3 Oscillator Connection in Slave Mode | 


M signal ae | ee: 
Display data! 1 0) 1 0 


Output level Y2>}<V8y}¢V1y1¢V5 





Figure 4 LCD Drive Output 
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Pin Functions 


M/S (Input): Starts and stops the LCD 
timing generator. Also determines I/O of 
the following four signal pins: CL1 (display 
data transfer clock), FLM (first line marker), 
M (AC switching signal), and DOC (display 
off control), depending on whether the LCD 
timing generator is operating or not. See 
table 1. | 


MWS0O to MWS5, MEOR (Input): AC 
switching signal M, in synchronization 
with CL1, is generated according to the 
value (an integer 1 to 63) selected by 6-bit 
MWSO to MWSS5, where MWSO takes the 
LSB and MWSS takes the MSB. 


When the AC switching signal EOR 
(MEOR) is high, M is exclusively ORed with 
the B-waveform AC signal synchronized 
with the first line marker (FLM) before 
being output from the M pin. 


Table 1 M/S Function 


When the MWS0O to MWS5 bits are all set 
to 0 (low), the AC switching signal (M) pin 
goes into the input state, and becomes the 
input pin for AC signals from an external 
controller. 


RESET (Input): The following initialization 
operations are performed when RESET is 
low: 


1.Stops internal oscillator or external 
oscillator clock input. 


2. Initializes counters for the LCD timing 
generator and the AC switching signal 
(M) generator. 


3. Switches off the display by driving 
display-off control output (DOC) low. 
After reset release, the display off 
control (DOC) is held low for four frame 
cycles (four FLM clock cycles) to prevent 
erroneous display during startup. 


M/S Mode LCD Timing Generator CL1, FLM, M, and DOC I/O State 
Low Slave Stop Input 
High Master 1/120 or 1/240 duty cycle control Output 
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DOC (Input/Output): Outputs the AND of 
the display-off control status after reset 
release and the display-off signal 
(DISPOFF) in master mode. The pin is 
connected to the DISPOFF pin of the 
HD66520, which is normally paired with 
the HD66503. The pin inputs an external 
display-off control signal from the outside 
in slave mode. : 


CL1 (Input/Output): In master mode, CL1 
outputs a 50% duty-ratio data-transfer 
clock with double cycles of an internal 
oscillator or external clock input cycles. 


In slave mode, CL1 operates as the input 
pin for the external data-transfer clock. 


In bidirectional shift-register timing, data is 
shifted at the rising edge of CL1 in 
accordance with the specifications of the 
HD66520 with built-in RAM when used ina 
paired configuration. As this is the 
opposite of the standard common driver 
arrangement, the transfer clock must be in 
an inverse phase when paired with 
general-purpose column drivers such as 
HD66240 and HD66224T. 


HD66503 


FLM (Input/Output): In master mode, 
FLM outputs the first line marker. In slave 
mode, FLM inputs the first line marker. The 
shift direction of the FLM can be selected 
according to the DUTY and SHL signals, as 
shown in table 2. 


In slave mode, use the DUTY signal at high 
level in normal. 


Table2 Selection of FLM Shift 


Direction 
DUTY SHL Shift Direction of FLM 
High High X240 to X1 


Low X1 to X240 
Low High X120 to X1, and X240 to X121 
Low X1 to X120, and X121 to X240 


DUTY (Input): Selects display duty cycle. 
The pin selects a 1/120 duty cycle at low 
level, and a 1/240 duty cycle at high level. 
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Liquid Crystal Display Timing 
Timing Generator 


CL1 is a 50% duty-ratio clock that changes 
at the falling edge of oscillator clock OSC1. 
FLM is a clock signal output once every 240 
CL1 clock cycles at the rising edge of CR 
when the DUTY signal is high, and every 
120 CL1 clock cycles at the rising edge of 
CR when the DUTY signal is low. 


Reset State 


The reset state fixes all clocks at low and 
clears the internal counter to 0. After reset 
release, the display-off function continues 
for four frame cycles even when the DISP 
pin is high. 





Figure6 Reset Timing 
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Example of System Configuration 


Figure 7 shows a system configuration for 
a 240 x 320-dot LCD panel using segment 
driver HD66520 with internal bit-map RAM. 
All required functions can be prepared for 
liquid crystal display with just three chips 
except for liquid crystal display power 
supply circuit functions. 
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LSO 
LS1 
LS2 


HD66520 
(ID No.0) 


See ww nO MED E HEH HND EMBEDED ene EDD Ome ne 


HD66520 
(ID No.2) 


Line scan Direction 


o=-=- WN 
Aan YN 
a i ee | 


1/240 Duty 


tery _ LCD driver 
aan MEOR,MWSO0~5 
_ HD66503 f 
DOC LCD display timing control RESET 
DISPOFF circuit 


CR DUTY SHL WS 
eae 


V1,V2,V5,V6 





V1,V2,V3,V4 


po DISPOFF 
16 AQ~A15 


Power supply circuit 





Figure 7 System Configuration 
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Absolute Maximum Ratings 


item Symbol Ratings Unit Notes 
Power voltage Logic circuit Vcc -0.3 to +7.0 V 2 
LCD drive circuit VEE Vcc —30.0 to V 5 

Vcc +0.3 

input voltage V11 -0.3 to Vec¢ +0.3 V 2,3 

Input voltage VT2 Veg -0.3 to V 4,5 
Vcc +0.3 

Operating Topr -20 to +75 °C 

temperature 

Storage T stg -—40 to +125 i @s 

temperature | 

Notes: 1. Ifthe LSI is used beyond its absolute maximum rating, it may be permanently damaged. It should 


always be used within the limits of its electrical characteristics in order to prevent malfunction or 
unreliability. 


2. Measured relative to GND (0 V). 
Applies to all input pins except for V4;, Vip, Vay, Var, Ve_- Ver, Ve_, and Ver, and to input/output 
pins in high-impedance state. , 
Applies to pins V4), Vip, Vat Var. Ve_- Ver, VoL, and VeR: 
Apply the same voltage to pairs V4; and V1p, Vo, and Vor, Ve, and Ver, Vez and Ver, and 


Vegecand Veer. 
It is important to preserve the relationships Vcc = Vi, = Vip = VeL = Ver = V5 = V5r 2 VoL = 


Vor = VEE: 
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Electrical Characteristics 
DC Characteristics (Vcc = 2.7 V to 5.5 V, Ver = 8 V to 28 V, GND = 0 V, 


T, = -20°C to +75°C) 


Item 
Input high 
level voltage 


input low 
level voltage 


Output high 
level voltage 


Output low 
level voltage 


Driver “on” 
resistance 


Input leakage 
current (1) 


Input leakage 
current (2) 
Operating 
frequency (1) 
Operating 
frequency (2) 
Oscillation 
frequency (1) 
Oscillation 
frequency (2) 


Power 
consumption (1) 


Power 
consumption (2) 


Power 
consumption (3) 


Power 
consumption 
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Symbol 
ViH 


VIL 
VOH 
VOL 
RON 
NL 
L2 
fopr1 
fopr2 
fosci 
fosc2 


IGND1 


IGND2 


IGND3 


Measurement 
Condition 


lon =-0.4 mA 


lOL =+0.4mA 


Vec — Veg = 28 V, 
load current: +150 pA 


Vin = 0 to Vcc 


Vin = Veg to Vcc 


Master mode (external 


clock operation) 


Slave mode 
(shift register) 
Cf = 100 pf +5%, 
Rf = 47 kQ +2% 
Cf = 220 pf +5%, 
Rf = 51kO +2% 
Master mode 
1/240 duty cycle, 


Cf = 220 pF, Rf = 51 kQ 


Master mode 
1/240 duty cycle 
external clock 
fopr2 = 30 kHz 


Slave mode 
1/240 duty cycle 
during operation 


Master mode 
1/240 duty cycle, 


Cf = 220 pF, Rf = 51 kQ 


Min 
0.8 
Vcc 


Vcc 
0.4 


-25 
10 
0.5 
70 


21 
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Typ 


100 


30 


Max Unit 
Vcc V 
0.2 V 
Vec 

—_ V 
0.4 Mv 
2.0 kQ 
1.0 pA 
25 pA 
200 kHz 
500 kHz 
130 kHz 
39 kHz 
80 pA 
10 wA 
10 pA 
20 pA 


Notes 
1 





HD66503 


Notes: 1. Applies to input pins TEST, MEOR, MWSO to MWSS5, DUTY, SHL, DISP, MS, RESET, and OSC1, and 
when inputting to input/output pins CL1, FLM, DOC, and M. 


2. Applies when outputting from input/output pins CL1, FLM DOC, and M. 
Applies to V1L/V1R, V2L/V2R, V5L/V5R, and V6L/V6R. X1 to X240 are open. 


Figure 5 shows the external clock specifications. 


External OPEN OPEN 
clock 


osci1 C OSC2 





Figure 8 External Clock 


5. Connect resistance Rf and capacitance Cf as follows: 





Figure 9 Timing Components 


6. Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, Vip; and Vy must be held to Vcc and 
GND levels, respectively. 


7. Indicates the resistance between one pin from X1 to X240 and another pin from the V pins V1L/V1R, 
V2L/V2R, V5L/V5R, and V6L/V6R, when a load current is applied to the X pin; defined under the 
~ following conditions: 


Vcc - Veg = 28 V 

V1IL/V1R, V6L/V6R = Vcc - 1/10 (Vcc - Veg) 

V5L/V5R, V2L/V2R = Veg + 1/10 (Vcc — Ver) 
V1IL/V1R and V6L/V6R should be near the Vcc level, and V5L/V5R and V2L/V2R should be near the 
Veg level. All these voltage pairs should be separated by less than AV, which is the range within 
which Ron, the LCD drive circuits’ output impedance, is stable. Note that AV depends on power 
supply voltages Vcc — Veg. See figure 7. 
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8 28 
VCC-VEE (V) 





Figure 10 Relationship between Driver Output Waveform 
and Level Voltages 
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AC Characteristics (Vcc = 2.7 V to 5.5 V, Ver = 8 V to 28 V, GND = 0 V, T, = 
-20°C to +75°C) 














Slave Mode (M/S = GND) 

item Symbol Min Typ Max Unit Notes 
CL1 high-level width tcWH 500 — — ns 1 

CL1 low-level width tCWwL 500 — — ns 1 

FLM setup time tes 100 = = ns 1 

FLM hold time EH 100 = — ns 1 

CL1 rise time ty _ —_— 50 ns 1 

CL1 fall line ty = — 50 ns 1 





Note: 1. Based on the load circuit shown in figure 8. 


Output pin anaes a 
| a 


30 pF (including probe capac::tance) 


v. 


0.8 ral 


0.2 Vi 


FS 


0.8 Voc 
0.2 Vec 





Figure 11 Slave Mode Timing | 


HITACHI | we 








HD66503 





Master Mode (M/S = Vcc, Cf = 100 pF, Rf = 47 k0) 





Item Symbol Min Typ Max Unit Notes 
FLM delay time tpoFLM — — 500 ns 
M delay time tom —_ — 600 ns 
CL1 high-level width tcWH 5 ~~ — BS 
CL1 low-level width tCWL 5 — — ws 





Master Mode (M/S = Vcc; Cf = 220 pF, Rf = 51 k() 





Item Symbol Min Typ Max Unit Notes 
FLM delay time tpFLM = = 500 ns 
M delay time tom _ — 500 ns 
CL1 high-level width tcWH 20 — — ws 


CL1 low-level width — tCWL 20 —_ — ws 





Figure 12 Master Mode Timing 
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Pin Arrangement 


272({_____| Var 
271{_____| V5R 
270{___| Ver 
269( Vir 
268 VEER 
267L____| Vec¢ca 
266(_ I M/S 
265C_____|DOC 
264(______ | FLM 
263 CLI 
2620 M 

261 (____| RESET 
260 (____| DISPOFF 
259[_____|DUTY 
258 L___|MEOR 


257 (_____| MWSO 
256 L___|MWS1 
255 (_____| MWS2 
2541____| MWS3 
253 (_____|MWs4 
252 | MWSS5 
251 SHL 
231 250 |GND 

x9 232 249 |c 

X8 233 248 R 

X7 234 247 CR 

X6 235 246 | Voc 

X5 236 245 VEEL 

Xa) 237 244 jit 

x3[_____] 238 243 (a) Vee 

cd —- 239 242 ee Vsu 

x1 [= 240 aa 





Top view (not a TCP view) 
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HD66520 
(160-Channel 4-Level Grayscale Display _ 
Column Driver with Internal Bit-Map RAM) 


—Preliminary— 


Description 


The HD66520 is a column driver for liquid 
crystal dot-matrix graphic display systems. 
This LSI incorporates 160 liquid crystal drive 
circuits and a 160 x 240 x 2-bit bit-map 
RAM, which is suitable for LCDs in portable 
information devices. It also includes a 
general-purpose SRAM interface so that 
draw access can be easily implemented 
from a general-purpose CPU. The on-chip 
display RAM greatly decreases power 
consumption compared to previous liquid 
crystal display systems. The chip also 
incorporates a four-level grayscale controller 
for enhanced graphics capabilities, such as 
icons on a screen. 


Features 


@ Duty cycle: 1/64 to 1/240 

Liquid crystal drive circuits: 160 

@ High voltage: 8 to 28-V liquid crystal 
drive voltage 

® Grayscale display: FRC Four-level 
grayscale display 

@e Grayscale memory management: 
Packed pixel | 

@ Internal bit-map display RAM: 776800 
bits (160 X 240 lines X two planes) 

@ Access time: 80 ns 

e@ Low power consumption: 
—100 A during display 
—20 mA during RAM access (RAM 

access time 250 ns) 

@ On-chip memory management function 

Refresh unnecessary 

® Internal display off function 
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Pin Description 


Classification Symbol 


Power supply Vec1 
Vec2 
GND 


Veet, 
Verg2 
V1iL, V1R 
V2L, V2R 
V3L, V3R 
V4L, V4R 


Control signals § _LSO, LS1 


FLM 


CL1 


DISPOFF 


TEST 


Pin No. 


Pin Name 


Vcc 

Vec 

GND 

LCD drive 
circuit power 
supply 
LCD select 
high-level 
voltage 
LCD select 
low-level 
voltage 


LCD deselect 
high-level 
voltage 

LCD deselect 


low-level 
voltage 


LSI ID select 
switch pin 
0 and 1 


- Shift direction 


control signal 


First line 
marker 


Data transfer 
clock 


AC switching 
signal 


Display off 
signal 


Test pin 


1/0 


Input 
Input 


Input 


Input 


Input 


input 


Input 


input 


Input 


Input 


Input 


Input 


Input 


Number 
of Pins 


1 


1 
1 
1 


HD66520 


Function 


Vcc-GND: 
logic power supply 


Vec-Vee: LCD 
drive circuit 
power supply 


LCD drive level 
power supplies 
See figure 1. 


Pins for setting LS! 
ID no. (refer to 

Pin Functions for 
details). 


Reverses the 
relationship 
between LCD drive 
output pins Y and 
addresses. 


First line select 
signal 


Clock signal to 
transfer the line 
data to an LCD 
display driver 
block. 


Switching signal 
to convert LCD 
drive output to AC 


Control signal to fix 
LCD driver outputs — 
to LCD select high 
level. When low, 
LCD drive outputs 
Y1 to Y160 set to 
V1, or LCD select 
high level. Display 
can be turned off by 
setting a common 
driver to V1. 


LSI test pin (refer 
to Pin Functions 
for details). 
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Pin Description (Cont'd.) 


Number 
Classification Symbol Pin No. Pin Name //O of Pins Functions 


Bus interface AO to A15 Address Input 16 Upper 9 bits 
Input (A15-A7) are used 

for the duty- 
directional 
addresses, and 
lower 7 bits (A6-A0) 
for the output-pin 
directional 
addresses (refer to 
Pin Functions for 
details). 


DBO to DB7 Data input/ I/O 8 Packed-pixel 2-bit/ 
output pixel display data . 
transfer (refer to 
Pin Functions for 
details.) 


CS | Chip select — Input 1 LSI select signal 
signal during draw access 
(refer to Pin 
Functions for 
details.) 


WE Write signal Input 1 Write-enable 
: signal during draw 
access (refer to Pin 
- Functions for 
details). 


OE Output enable Input . 1 Output-enable 
signal signal during draw 
access (refer to Pin 
Functions for 
details). 


LCD drive output Y1to LCD drive Output 160 Each Y outputs 
Y160 output one of the four 

voltage levels V1, 
V2, V3, or V4, 
depending on the 
combination of the 
M signal and data 
levels. 


Note: The number of input outer leads: 47 





Figure 1 LCD Drive Levels 
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Pin Functions 
¢ Control Signals 


LSO and LSI (Input): The LS pins can 
assign four (0 to 3) ID numbers to four LSIs, 
thus making it possible to connect a 
maximum of four HD66520s sharing the 
same CS pin to the same bus. 


Various memory maps can be configured 
by combining the LS pins with the SHL pin. 


SHL (Input): This pin reverses the 
relationship between LCD drive output 
pins Y and addresses. When the pin is low, 
output pins Y1 to Y160 correspond to the 
direction from start data to end data in the 
display lines, and when the pin is high, 
from end data to start data. 


FLM (Input): When the pin is high, it resets 
the display line counter, returns the display 
line to the start line, and synchronizes 
common signals with frame timing. 


HD66520 


CL1 (Input): At each rising edge of data 
transfer clock pulses input to this pin, the 
latch circuits latch horizontal-line RAM 
data and transfers it to the liquid crystal 
display driver section. 


M (Input): AC voltage needs to be applied 
to liquid crystals to prevent deterioration 
due to DC voltage application. The M pin is 
a switch signal for liquid crystal drive 
voltage and determines the AC cycle. 


DISPOFF (Input): A control signal to fix 


liquid crystal driver output to liquid crystal 
select high level. When this pin is low, 
liquid crystal drive outputs Y1 to Y160 are 
set to liquid crystal select high level V1. If 
Y pins of the paired common driver are also 
set to V1 level, the display can be deleted. 
When DISP becomes high, display returns 
to normal state. 





TEST (Input): An LSI test pin. Use GND 
level for normal operations. 
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e Bus Interface | 


CS (Input): A basic signal of the RAM area. 
When CS is low (active), the system can 
access the on-chip RAM of the LSI whose 
address space, set by LSO, LS1, and SHL 
pins, contains the input address. When CS 
is high, RAM is in standby. 


AO to A15 (Input): A bus to transfer 
addresses during RAM access. Upper nine 
bits (A15 to A7) are duty-direction 
addresses, and lower seven bits (A6 to AQ) 
are output pin direction addresses. 


WE (Input): WE, an active low signal, is 
used to write display data to the RAM. Only 
the LSI whose address space, set by pins 
LSO, LS1, and SHL, contains the input 
address can be written to when CS is low. 


OE (Input): OE, an active low signal, is 
used to read display data from the RAM. 
Only the LSI whose address space, set by 
pins LSO, LS1, and SHL, contains the input 
address can be read from when CS is low. 


DBO to DB7 (Input/Output): The pins 
function as data input/output pins. They 
can accommodate to a data format with 2 
bits/pixel, which implement packed-pixel 
four-level grayscale display. 
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Block Diagram 


. 
ae management aaa 
circuit 


Timing 
control 





Word line decoder 





HD66520 


Data line decoder 


ee ee 
5 Bidirectional 


ie buffer 


atk 
ER 


'/ O selector 


RAM 


160 x 240 x 2 bits 


ates ere a ee ete 
FRC control circuit 


latch circuit (1) 
ee 


Data latch circuit (2) 


Rm 
LCD drive circuit Peal 


DISPOFF 
V4R, V3R 
VaR, ViR 


v1 Y2 Y3 


Figure 2 Block Diagram 


Address management circuit: Converts 
the addresses input via A15—-A0O from the 
system to the addresses for a memory map 
of the on-chip RAM. When several LSIs 
(HD66520s) are used, only the LSI whose 
address space, set by pins LSO, LS1, and 
SHL, contains the input address accepts 
the access from the system and enables 
the inside. The address management 
circuit enables configuration of the LCD 
display system with memory addresses not 
affected by the connection direction, and 
reduces burdens of software and hardware 
in the system. 
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Timing control circuit: Inputs signals FLM 
and CL1 for refresh operation to transfer the 
line data to the LCD drive circuit and signals 
CS, WE, and OE for display data access 
(draw operation) of the on-chip RAM by the 
system, while arbitrating refresh and draw 
operations. This circuit enables the system 
to access the display data of the on-chip 
RAM independent of refresh operation. 
Moveover, this circuit generates a timing 
signal for the FRC control circuit to 
implement four-level grayscale display. 
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Scan counter: Operates refresh functions. 
When FLM is high, the counter clears the 
count value and generates an address to 
select the first line in the RAM section. The 
counter increments its value whenever CL1 
is valid and generates an address to select 
subsequent lines in the RAM section. 


Bidirectional buffer: Controls the transfer 
direction of the display data according to 
signals WE and OE in draw operation from 
the system 


Word lime decoder: Decodes input 
addresses and selects a one of 240 lines in 
the RAM section, and activates one-line 
memory cells in the RAM section. 


Data line decoder: Decodes input 
addresses and selects data line in the RAM 
section for the 8-bit memory cells in one- 
line memory cells activated by the word 
line decoder. 


I/O selector: Reads and writes 8-bit 
display data for the memory cells in the 
RAM section. 7 


RAMI: 160 X 240 X 2-bit memory cell array. . 


Since the memory is static, display data 
can be held without refresh operation 
during power supply. 


FRC circuit: Implements FRC (frame rate 
control) function for four-level grayscale 
display. For details, refer to Half Tone 
Display. 


Data latch circuit (1): Latches 160-pixel 
grayscale display data processed by the 
FRC control circuit after being read from 
the RAM section by refresh operation. 


Data latch circuit (2): Latches 160-pixel 
grayscale display data synchronously with 
CL1. 


LCD drive circuit: Selects one of LCD 
select/deselect power levels V4R to V1R 
and V4L to V1L according to the grayscale 
display data, AC signal M, and display-off 
signal DISPOFF. The circuit is configured 
with 160 circuits each generating LCD 
voltage to turn on/off the display. 
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Driver Layout and Address 
Management 


The Y lines on a liquid crystal panel and 
memory data in a driver are inverted 
horizontally depending on the connection 
direction of the liquid crystal panel and the 
driver. When several drivers are connected, 
address management is needed for each 
driver. Although reinverted bit-map 
plotting or address management by the CS 
pin in each driver are possible by using 
special write addressing, the load on the 
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software is significantly increased. To 
avoid this, the HD66520 provides memory 
addresses independent of connection 
direction, but responds to the setting of 
pins LSO, LS1, and SHL. 


How to Use the SHL Pin: It is possible to 
invert the relationship between the 
addresses and output pins Y1 to Y160 by 
setting the SHL pin. If the HD66520 is 
placed on any side of the LCD panel, the 
upper left section on the screen can be 
assigned to address HOOOO. 














HD66520 


Scan direction 


LCD panel 


HAE 


Y1 


Y153 Y157 
Y156 Y 


| SHL = low 


Y157 Y153 
Y160 Y156 


3701 3726 | 3727 
5720 3781 37A6 | 37A7 


SHL = high 


Y1 


Scan direction 


LCD panel 


Y160 
SHL = low 





Figure 3 Address Assignment and SHL Pin Setting 


How to Use the LS1 and LSO pins 


The memory map of the HD66520 can be 
most efficiently used in three display sizes: 
a 240-dot-wide by 160-dot-long display; a 
320-dot-wide by 240-dot-long display; and 


a 480-dot-wide by 320-dot-long display, all 
of them are standard sizes for portable 
information devices. 


Therefore, up to four HD66520s can be 
connected to the same bus or with the CS pin. 
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LSIs can be mapped as shown in figure 4 
by assigning ID numbers 0 to 3 to each 
- HD66520 by using pins LSO and LS1. 


157 Y153 Y157 
ree Wied Y156 Y160 
0000] 0001 
| OOA6|_O0AT | 
| 0101 0127 


36A6 | 36A7 8 ~ T36CE 
3726 | 3727 | 3728| 3729 374E | 374F 


Upper screen lines 


: ; es 
FAUIUULUUVTNMOLUUUUUEV TU CATT 
Y1 Y1 


Scan direction |p No. 0 ID No. 2 


LSO = low LSO = low 
LS1=low | LS1 =high 


SHL =low | SHL =low 


D No. 1 
Scan direction tee high 


LS1 = low 
SHL = low 


Y1 


QNODLEUITVQUNUELLUUUAAS UU QUAI TTATTCT A UETA HT 


Y157.-Y153 Y157 _Y153 oe Y1 
Y160 Y156 Y160 186 8 

L1 
38A6 | 38A7 L2 
| 390013901 | 3926 | 3927 L3 


[EEso|EESi| _—s[EEAG|EEA7) = L238 EERE HE | 
FEEOOUEEO!| __{6f261BE27_ Losg [EF28{EF29| J EF 4E | EF4F | 


-eFsolerei| __leras! EFA7} L240 LEFASIEFAQ] _—|EFCE 


Lower screen lines 





Figure 4 LS0O and LS1 Pin Setting and Internal Memory Map (SHL = Low) 
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Y153 Y157 
Y156 Y160 


ID No. 0 ID No. 1 
LSO = low LSO = low 
LSt=low | LSt high 
SHL =high | SHL = high 


Y157 Y153 


Y160 Y156 





Scan direction 


LSO = high LSO = high 
~ LS1 =low LS1 = high 
SHL = high SHL = high oxy 


o 
Ok 
= 
> 
© 
w) 
- 
> 


Y153 Y157 


nr | 
ee 
ee | 


480 lines 


Y157 Y153 
Y160 Y156 





Figure 5 LSO and LS1 Pin Setting and Internal Memory Map (SHL = High) 


Table 1 Pin Setting and Memory Map 





SHL LS1 LSO ID No. Memory Map . 

low Low. Low 0 LSIsplacedonthetopoftheLCDpanel 
Low Low High 1 LSIs placed on the bottom of the LCD panel 

Low ~ High Low 2 LSIs placed on the top of the LCD panel 

Low High High 3 LSIs placed on the bottom of the LCD panel 
High Low Low 0 LSIs placed on the left of the LCD panel | 
High Low. | High 1 LSIs placed on the right of the LCD panel 

High High Low 2 LSIs placed on the left of the LCD panel 

High High High 3 LSIs placed on the right of the LCD panel 
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Application Example for System-Driver Arrangement 


Some means is needed to 
manage memory 
addresses in the horizontal 


480 direction 


240 | 
8 ID No. 0 ID No. 18 


HD66520 


© 
SS Extended 
horizontally 


8 ID No. 2] ID No. 38 


Line scan direction 


HD66520 


Line scan direction 
Se 
 - SE 


DBSKY 
1/240 duty cycle 1/240 duty cycle 


Standard size portable information device Wide portable information device size (latitudinal) 


320 
HD66520 | [HD66520 


HD66520 


ones MINE rare 
| 
1/240 duty cycle 


Small size portable information device 


Line scan direction 


1/240 Duty - an 
cycle 


With portable information device size (longitudinal) 
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Display-Data Transfer 


RAM data is transferred to a 160-bit liquid 
crystal data register at each rising edge of 
the CL1 clock pulse. Since display data 
transfer and RAM access to draw data is 
completely synchronous-separated in the 
LSI, there is no draw data loss or display 
flickering from display data transfer timing. 


The first line data transfer involves the first . 


line marker (FLM), which initializes a line 
counter, and transfers the first line to a data 
register in the LCD driver. Subsequent line 


data transfer involves transferring the second 


and the subsequent line data to a data 
register in the LCD driver while mneremenuing 
the line counter value. 


First Line Data Transfer 


The line counter is initialized synchronously 
with an FLM signal in the first line data 


transfer by the FLM signal and the CL1 


signal. The first line is transferred to the 
data register in the LCD driver at the rising 
edge of the CL1 (figure 6). 


2nd line 


Y1~Y160 Xth line x 1st line 


Figure 6 First Line Data Transfer 
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Subsequent Line Data Transfer 


In display access 2, the second and the 
subsequent line data are transferred to the 
data register in the LCD driver at the rising 
edge of the CL1 to update the line counter 
value (figure 7). 


CL1 


Line Counter 


Latch1 Data nth line ‘ : nth + 1 line 


Y1-Y160 nth — 1 line ( nth line 


Figure 7 Subsequent Line Data Transfer 
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Display-Data Transfer Method 


The liquid crystal panel display needs to 
repeatedly execute first line data transfers 
and successive line data transfers based on a 
regular cycle to achieve continuous operation. 


The FLM signal cycle is determined by a 
frame frequency value which is required by 
a liquid crystal panel. Generally, the value 
is 70 to 90 Hz. 


Data-transfer clock CL1 frequency is 
determined by the number of lines that 
must be transferred during one frame 
period, in other words, a frequency should 
be the product of the FLM signal frequency 
multiplied by the number of lines. For 
example, to transfer 240 lines during one 
frame period (1/240 duty cycle) at a frame 
frequency of 80-Hz, an approximate 19.2- 
kHz data transfer clock is needed. 


The M signal, which converts a liquid 
crystal drive waveform to an AC signal, 


should be either a frame-reverse waveform 


~ synchronized with the FLM signal or an n- 


line reverse waveform synchronized with 
the n count of CL1. The latter should be 
initialized by FLM. Since the M cycle is 
closely related to optical characteristics 
and the display quality of the liquid crystal 
panel, it should be determined through 
actually verifying the display. 


Although the above control signals should 
be repeatedly input to display the contents 
of the internal memory on the liquid crystal 
display panel, power consumption in the 
display control part can be reduced to 1/50 
to 1/100 of that of the currently-used CRT- 
based control system mainly displaying 
still pictures with a long MPU idling state. 
This is because a considerably low-speed 
operating clock (about 20 kHz to 30 kHz) is 
used while in the range from 10 MHz to 
about 50 MHz are used for a liquid crystal 
controller based on existing CRT mspley. 
control techniques. 
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80 Hz (12.5 ms) | 
ot | vaecmeereciamneerr aera ; ae OS | 
' 49.2 KHz (52 us) | 3 
cE mm lcd URS Cees Keer en eel lS Li ee Me Lt Ay Ls PA! 


riev8 EXTAXOOEK 9 DOO fe IND 
reverse) 7 


ind: <= gee a Lees | 


reverse) 





Figure 8 LCD Display Data Timing 
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Draw Access 


Draw data access sequence is the same as 
for a general-purpose SRAM interface. It 
can easily be connected to a CPU address 
bus and data bus. 


A15-A0 
cs 
OE 


WE 
VO7—-1/00 Out Sees Valid Dout 
VO7-1/00 in 





Figure 9 Read Cycle 


A15-A0 
cs 
OE 


WE 
VO7-1/O0 Out See 
VO7-1/00 In 





Figure 10 Write Cycle 
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Configuration of Display Data Bit 
Packed Pixel Method 


For grayscale display, multiple bits are 
needed for one pixel. In the HD66520, two 
bits are assigned to one pixel, enabling a 
four-level grayscale display. 


One address, 
four pixels 





HD66520 


One address (eight bits) specifies four 
pixels, and pixel bits 0 and 1 are managed 
as consecutive bits. When grayscale 
display data is manipulated in bit units, 
one memory access is sufficient, which 
enables smooth high-speed data rewriting. 


LCD display state 


Grayscale level 


| FRC control circuit 


Physical memory 


Figure 11 Packed Pixel System 
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Half Tone Display (FRC: Frame Rate 
Control Function) 


The HD66520 incorporates an FRC function 
to display four-level grayscale half tone. 


The FRC function utilizes liquid crystal 
characteristics whose brightness is 
changed by an effective value of applied 
voltage. Different voltages are applied to 


a) Display with two values 


each frame and half brightness is 
expressed in addition to display on/off. 


Since the HD66520 has two-bit gray-scale 
data per one pixel, it can display four-level 
grayscale and improve user interface 
(figure 12). Figure 13 shows the 
relationships between voltage patterns 
applied to each frame, the effective voltage 
value, and brightness obtained. 


b) Display with four values 





Figure 12 Example of User Interface Improvement 
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Applied voltage pattern 























1st frame 2ndframe 3rd frame Effective voltage 
neoayon Ge GOO ooo O00 
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cama | 0 | | | a, | CIOL) 
(Vrm0) 
‘roe, MOO OD col 
io) Lig OU BO -» ale 
Ooms =§oO Oo 
: LIZ SUR HL 
Haftore2 i | 6] )«6&CC —» 
(0, 1) En! UE EL 
Display off - Ht tH fal 
oe an on | 









Brightness ; 
Display on 


eee see Half tone 1 


veveeedeceeeeeeetY\ Half tone 2 


Display off 






iste ls ake occa cia Sag ea 





Vrm0 = Vrmi Vrm2 Vrm3 


Effective voltage 


Figure 13. Effective Voltage Values vs. Brightness 
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Example of System Configuration liquid crystal display timing control 

circuits. All required functions can be 
Figure 14 shows a system configuration for. prepared for liquid crystal display with just 
a 240 X 320-dot LCD panel using HD66520s three chips except for liquid crystal display 
and common driver HD66503 with internal power supply circuit functions. 


LSO 
LS1 
SHL 


HD66520 


i] 
N 
i 
Te) 
To) 
OQ 
<= 


Line scan direction 


ee 


LCD driver 


HD66503 


Power supply LCD display timing control circuit 
circuit } 


OSC1 OSC2 





Figure 14 System Configuration 
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Absolute Maximum Ratings 
Item Symbol Ratings Unit Notes 





Power voltage Logic circuit Vcc -0.3 to +7.0 V 1 
LCD drive circuit VEE Vcc -30.0 to V 

Vcc +0.3 

Input voltage (1) VT1 ~0.3 to Vec +0.3 V 1,2 

Input voltage (2) VT2 Veg -0.3 to V 1,3 
Vcc +0.3 

Allowable output lol <TBD> mA 

current 

Allowable total Ilol <TBD> mA 

output current 

Operating Topr ~20 to +75 °C 

temperature | 

Storage T stg -40 to +125 °C 

temperature 


Notes: 1. The reference point is GND (0 V). 

2. Applies to pins LSp, LSy, SHL, FLM, CL, M, Ag to Ay5, DBg to DB7, DISP, CS, WE, and OE. 
3. Applies to pins V4, V9, V3, and V4. 
4 


If the LSI is used beyond its absolute maximum rating, it may be permanently damaged. It should 
always be used within the limits of its electrical characteristics in order to prevent malfunction or 
~ unreliability. 
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Recommended Operating Conditions! 


Item - Symbol = Min Typ Max Unit Notes 
Power voltage Logic circuit Vcc 2.7 3.3 3.6 V 
LCD drive circuit VEE Vcc - 10 — Vec - 28 V 
Input high voltage Vin 0.7 <x Vcc — Vec V 1 
for logic circuit 
Input low voltage VIL 0 — 0.3 x Vcc V 2 
for logic circuit 
Operating Topr -20 25 75 a © 
temperature 


Notes: 1. Max value is Vcc + 1 V when the pulse width is 10 ns or less. 


2. Min value is — 1 V when the pulse width is 10 ns or less. 


Recommended Operating Conditions 


Item Symbol Min Typ Max Unit Notes 
Power voltage Logic circuit Vcc 4.5 5.0 5.5 V 
LCD drive circuit VEE Vec - 10 — Vcc -28 V 
Input high voltage Vil 0.7 <x Vcc — Vcc © V 1 
for logic circuit 
Input low voltage Vib 0 — 0.3XVcc V 2 
for logic circuit 
Operating Topr -20 25 75 2¢ 
temperature 


Notes: 1. Max value is Vcc + 1 V when the pulse width is 10 ns or less. 


2. Min value is — 1 V when the pulse width is 10 ns or less. 
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Capacitance 

Measuring 
Item Symbol Min Typ ~ Max Unit Condition 
Input capacitance | Cin — — <TBD> pF Vin =OV 
\/O capacitance Cio — — <TBD> pF Ta = 25°C 

f = 1 MHz 


All these parameters are not measured but are sample values. 


Electrical Characteristics , 
DC Characteristics! (Vcc = 2.7 V to 5.5 V, GND = 0 V, Vcc - Veg = 8 V to 


28 V, T, = -20°C to +75°C) 
Applicable. Measurement 
Item Symbol Pins Min Typ Max Unit Condition Notes 
Input high ViH 0.7XVcc — Vcc V 
level voltage 
Input low VIL 0 —_— 0.3 x Vcc V 
level voltage 
Output high VOH Vec-04 — — V lon =- 0.4 mA 
level voltage . 
Output low VOL — — 0.4 V lol =- 0.4 mA 
level voltage 
Vi-Yj on Ron YitoY160 — 1.0 2.0 kQ, ION = 100 pA 1 
resistance V1IL/V1R, 
V2L/V2R, 
V3L/V3R, 
and V4L/V4R 


Notes: 1. Indicates the resistance between one pin from Y1 to Y160 and another pin from V2L/V2R, V3L/V3R, 
. V4L/V4R, and Ver, when load current is applied to the Y pin; defined under the following conditions: . 


Vcc - VLCD = 28 V 
V1IL/V1R, V3L/V3R = V¢c — 2/10 (Vcc — Vee) 


V4L/VAR, V2L/V2R = Veg + 2/10 (Voc - Vee) 


V1L/V1R and V3L/V3R should be near the Vcc level, and V2L/V2R and V4L/V4R should be near the VEE 
level. All voltage must be within AV. AV is the range within which Roy, the LCD drive circuits’ output | 
impedance, is stable. Note that AV depends on power supply voltages Vcc — Veg. See figure 15. 
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8 
VCC - VEE (V) 





Figure 15 Relationship between Driver Output Waveform and Level Voltages 


DC Characteristics? (Vcc = 2.7 V to 3.6 V, GND = 0 V, Vcc - Vgg = 10 V to 
28 V, T, =-20°C to +75°C) 


Applicable | Measurement 
Item Symbol Pins Min Typ Max Unit Condition Notes 
Input leakage =I, 7 -1.0 — 1.0 pA Vin = Vec to GND 
current (1) 
Inputleakage = Ii VIL/V1R, -25 _ 25 pA Vin = Vcc to Veg 
current (2) V2L/V2R, 
V3L/V3R, 
and V4L/V4R , 
Power loc — _ TBD TBD mA teye = 150 ns 1 
consumption Vcc - VEE 
during RAM = 28V 
access | 
Power lEE — — . TBD TBD pA 
consumption 
in LCD drive 
part | 
Power IDis —_ — TBD TBD pA Toye = 500 ms 1,2 


consumption 

during display 

operation 

Notes: 1. Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, Vjpy and Vj, must be held to Vcc and 
GND levels, respectively. 


2. Indicates the current when the display-operation memory access is idling. 
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DC Characteristics? (Vcc = 4.5 V to 5.5 V, GND = 0 V, Vcc - Veg = 8 V to 
28 V, T, =-20°C to +75°C) 


Applicable Measurement 
Item Symbol Pins Min Typ Max Unit Notes 
input leakage HL4 ~1.0 — 1.0 A Vin = Vec to GND 
current (1) 
Input leakage = Iy,_9 ViIL/V1R, -25 = 25 pA Vin = Vcc to Veg 
current (2) V2L/V2R, : 

V3L/V3R, 

and V4L/V4R 
Power loc — — TBD ~=TBD mA teyc = 150 ns 1 
consumption Vcc - VEE 
during RAM =28V 
access 


Power ILCD — — TBD TBD pA 

consumption : 

in LCD drive 

part 

Power Ibis _ _ TBD ~=TBD pA Teyc = 500 ms 1,2 

consumption 

during display 

operation 

Notes: 1. Input and output currents are excluded. When a CMOS input is floating, excess current flows from 
the power supply through to the input circuit. To avoid this, Vjj4, and Vj; must be held to Vcc and 
GND levels, respectively. 


2. Indicates the current when the display-operation memory access is idling. 
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AC Characteristics! (Voc = 2.7 V to 5.5 V, GND = 0 V, Vcc - Veg = 8 V to 
28 V, T,, = -20°C to +75°C) 


Display-Data Transfer Timing — 





Applicable 
No. Item Symbol - Pins Min Max Unit Notes 
1 Clock cycle time tcyc CL1 10 — ws 
2 CL1 high-level tCWH CL1 <TBD> — ns 
width 
3 CL1 low-level tCWL CL1 1.0 = pS 
width | 
4 CL1 rise time tr CL1 = 50 ns 
5 CL1 fall time te CL1 are 50 ns 
6 FLM setup time tes FLM, CL1 <TBD> — ns 
7 FLM hold time rEY FLM, CL1 <TBD> — ns 


tCYC=1ACYC 
f t Max:100 kHz 


G) @ cw 4) @tCWH 


CL1 / 


© S. @ tFH 


0.7Vcc 
0.3Vcc 





Figure 16 Display Data Transfer Timing 
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AC Characteristics! (Vcc = 4.5 V to 5.5 V, GND = 0 V, Vcc - Veg = 8 V to 








28 V, Tz = -20°C to +75°C) 
Draw Access Timing 1 
Common Items 
No. item Symbol Min Max Unit Notes 
1 Address setup time tas 20 — ns 
Address hold time taH 0 = ns 
Chip select time tcw 40 tcyc — 50 ns 
Read Cycle 
No. Item Symbol Min Max Unit Notes 
1 Read cycle time trc 60 — ns 
2 Address access time tad = 20 ns 
3 Chip select access time tacs a 20 ns 
4 CS output set time tcLz 0 == ns 
5 CS setup time tcss 0 — ns 
6 CS hold time tcsH 0 — ns 
7 OE low level width toLw 40 — ns 
8 Delay time from output- tog 0 20 ns 
enable to output 
9 Delay time from output- toLz 0 _ ns 
enable to output (low 
impedance) 
10 CS and output floating tcHz 10 ns 
11 Delay time from output- = toyz 10 ns 
disable to output | 
12 Output hold time toH 5 _ ns 
13 Output voltage rise/fall tT _ 50 ns 
time 
1023 


HITACHI 











HD66520 











Write Cycle | | | 
No. item Symbol Min Max Unit Notes 
1 Write cycle time twc 60 — ons 
2 Address valid time taw 60 = ns 
3 Write pulse width twp 40 20 | ns 
4 Delay time from output- toHz 0 10 ns 
disable to output . . 
5 Input data settime tow . 30 — ns 
6 Input data hold time toH 5 — ons 
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Figure 17 Read Cycle 
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Address 


vO out 





Figure 18 Write Cycle 
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(Horizontal Driver for TFT-Type LCD 


Color TV) 


The HD66300T is a horizontal driver used for TFT- 
type (Thin Film Transistor) LCD color TVs. Specifi- 
cally, it drives the drain bus signals of a TFT-type LCD 
panel. 


The HD66300T receives as input three video signals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol- 
lowers to drive a TFT-type LCD panel. 


The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high- 
resolution. It has 120 LCD drive outputs and enables 
design ofacompact LCDTV dueto TCP (Tape Carrier 
Package) technology. 


Ordering Information 


Type No. Package 
HD66300T00 156-pin TCP 


Note: The details of TCP pattern are shown in 
"The Information of TCP." 


Pin Arrangement 


Features 


LCD drive outputs: 120 
Internal sample and hold circuits: 480 (4 circuits 
per output) 

e Support of single-rate sequential drive mode and 
double-rate sequential drive mode 

e Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 

e Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 
Horizontal pixels: 480 to 720 
Support of monodirectional connection mode and 
interleaved connection mode through a bidirec- 
tional shift register 

¢ Dynamic range: 15 Vp 

e Power supply: +5 V and -15 V 

e CMOS process 


(Top View) 


Note: This does not apply to TCP dimensions. 
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Pin Description 


Pin List 


Pin Name 
D1 - D120 


HCK1, HCK2, 
HCK3 


DL, DR 


FD 
RS 
OE 
SHL 
“DS 
UF 
MSF1, MSF2 
TESTI, TEST2 


Vx1, Vx2, Vx3, 
Vy1, Vy2, Vy3 
V 


VosB? VosH . 

Vict Vic? 
Vic3 Vic4 

Vec!: Vec2: 
Voc3 

GND 

Ve! ! Ves? 
Vag? Van4 


bo 
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Number of Pins 
120 
3 


Oo; M} MT — 


sok, 


Input/Output 
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Connected to 
LCD panel 
Controller 


Controller or 
next HD66300T 


Controller 
GND 
Controller 
Veg or GND 
Veo or GND 
Voc or GND 
Voc or GND 
GND 


Inverter 


Power source 


Power source 


Power source 


Power source 


Power source 


Power source 


Functions (Refer to) 
1. 





Pin Functions 
1. D1 - D120: These pins output LCD drive signals. 


2. HCK1, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 


3. DL, DR: These pins input or output data into or 
from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. 


SHL ODL DR 


Voc 
GND Input 


Output Input 
Output _ 


4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously with TV 
signals, at its rising and falling edge. 


FD = high: First field 
FD = low: Second field 


When a non-interlace signal is applied, it must be 
inverted every field. 


When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 
1, 2, 3), the signal must be set high in both fields. The 
signal must be set low, however, in each field’s hori- 
zontal retrace period. 


5. RS: This pin inputs a test signal and should be 
connected to pin GND. 


HD66300T 


6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
Italso switches the bias current of the output buffer, as 
shown in the following table. 


OE Bias Current of Output Buffer 
High Large current (determined by VbsB) 
Low Small current (determined by VbsH) 


7. SHL: This pin selects the shift direction of the shift. 
register. 


SHL Shift Direction 


High =DLeODR 


Low DL — DR 


8. D/S: This pin selects the LCD drive mode. 


D/S Mode 
High Double-rate sequential drive mode 
Low Single-rate sequential drive mode 


9. L/F: This pin selects the inversion mode of LCD 
drive signals. 


L/F Mode 
High Per-line inversion mode 
Low Per-field inversion mode 
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10. MSF1, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFT-type LCD panel and the drive mode. 


Filter Arrangement Drive Mode 
Diagonal mosaic Single-rate 
pattern Double-rate 
Vertical stripe Single-rate 
pattern Double-rate 
Unicolor triangular Single-rate 
pattern Double-rate 
Bicolor triangular Single-rate 
pattern Double-rate 


MSF1 MSF2 
GND Voc/GND* 
GND Voc/GND * 
Voc Vec 

Vec Voc 

Vec Voc 

Voc GND 

Voc GND 

Wis GND 





Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 


Note * Refer to table2 and timing charts of each mode 


11. TEST1, TEST2: These pins input test signals and 
should be connected to pin GND. 


12. Vx1, Vx2, Vx3, Vy1, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig- 
nals are connected to pins Vxi and Negative video 
signals to pins Vyi. 


13. V,: Bias voltage is applied to this pin for the 
differential amplifier in the sample and hold circuitry. 
14. V, Voce Bias voltage is applied to this pin for 
the two power sources of the output buffer. 
VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 


1030 


15. Vick Vict Vic Vict t9 V LCD drive voltage 


_is applied to these pins. 


16. Vecl Voc2s Ve3, Voc# +5 V is applied to these 
pins for the logic and the analog units. 


17. GND: 0 V is applied to this pin for the logic unit. 


18. V,,,1, V,,2:—15 V is applied to these pins for the 


_LCD drive unit. 


19. V,.,3, Vg,4:—15 V is applied to these pins for the 


LCD drive anik 
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Internal Block Diagram 


o 
a 
Le 


«—{] GND 
=o Vee 


Sample and hold circuit 


selection gate 
Ves 
Internal signal bus 


Output buffer (amp.) 


| 








NV: 
J 
D120 


Bidirectional! shift register 


Clock 
controller 





- LS : level shifter 


a 


HCK1 {> 
HCK2(7} 
HCK3( 
SHL{U) 
DLE] 
RSC] 
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Block Functions 


Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 


phase clocks HCK1, HCK2, and HCK3, whose phases _ 


are different from each other by 120°; each clock 
determines the sampling timing for one color signal so 
that three clocks support the three color signals R, G, 
and B. The shift direction of this register can bechanged. 


Level Shifter: The level shifter changes 5-V signals 


into 20-V signals. 


Sample and Hold Circuitry: In double-rate sequen- 
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 


scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. | 


In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 


Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal scanning period. 


Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate ofan 
output signal by changing the external bias voltage. 
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System Block Configuration Example 


Antenna 





Speaker 


HD66300T 
(5) 


TFT-type color LCD panel 


720 x 480 pixels 
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Example of HD66300T Connection to LCD Panel 
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_ Functional Description 
Screen Size 


Number of horizontal pixels: 

— 120, 240, 360, 600, and 720 in monodirectional con- 
nection mode 

— 240, 480, and 720 in bidirectional connection mode 


Number of vertical pixels: 
— 240 in single-rate sequential drive mode 
— 480 in double-rate sequential drive mode 


Single-Rate Sequential Drive Mode and Double- 
Rate Sequential Drive Mode 


Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 
first field and a second field. 


In single-rate sequential drive mode, a 240-pixel-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal are respectively as- 
signed to the 240 lines of the LCD panel. 


One line of an LCD panel is driven every horizontal 
scanning period in this mode. 


Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixel-high LCD panel 
is used. If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD panel, the second scanning 
lineis assigned tothe third and fourth lines, and soon. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 


Two lines ofan LCD panelare driven every horizontal 
scanning period in this mode. 


Note: 
Refer to the index for the further information of NTSC 
TV system signals and LCD. 
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Supportable Types of Color Filter Arrangements 


The order and timing for the HD66300T to output 
color signals depend on the color filter arrangement 
ona TFT-type LCD panel. The HD66300T can support 


(a) Diagonal from top-left to bottom-right mosaic 
pattern 


(b) Diagonal from top-right to bottom-left mosaic _ 


pattern 


(c) Vertical stripe pattern 


HD66300T 


TFT-type LCD panels having the following color filter 
arrangements by specifying the operation of the inter- 
nal color sequence controller and by changing the 
external signals to be supplied. 


NEY 
LIN 2 BZ 
> 


OBS OY 


(d) Unicolor triangular pattern 


YU N 
YS 
LS 


(e) Bicolor triangular pattern 





Figure 3 Supportable Types of Color Filter Arrangements 
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Mode Setting Pins 


Mode setting pins MSF1, MSF2, and D/S must be set 
according to both the type of color filter arrangement 
ontheTFT-type LCD paneland thedrive mode (single- 


rate sequential drive mode or double-rate sequential . 


drive mode). These pins activate the internal color 
sequence controller, which changes the sequence of 
color video signals corresponding to each sample and 
hold circuit and allows the LSI to output color data in 
the right order for the LCD panel being used. 


Per-Field Inversion and Per-Line Inversion 


The inversion mode of LCD drive signals can be 
selected by pin L/F. 


Table 1 Mode Setting Pins 


Filter Arrangement Drive Mode D/S MSF1 MSF2 Referential Timing Charts 
Diagonal mosaic _ Single-rate GND GND Veo: GND MODES 15, 16, 18, and 19 - 
pattern Doubie-raia Voc GND Voc: GND MODES 1, 2, 5, 6, 8, 9, 

12, and 13 | 
Vertical stripe Single-rate GND = Veg Vee MODES 17 and 20 
pattern Double-rate Voc Voc Voc MODES 3, 7, 10, and 14 
Unicolor triangular | Single-rate GND Voc Voc MODES 17 and 20 
pattern Double-rate Voc Voc GND MODES 4 and 11 
Bicolor triangular Single-rate GND Voc GND MODE 17 
pattern Double-rate Voc Vec GND MODES 4 and 11 
Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 
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Per-Field Inversion (available with L/F = low) 


In a certain field, all LCD drive signals have one 
polarity and in the following field, they all have the 
inverted polarity. 


Per-Line Inversion (available with L/F = high) 


In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 





Interface 


Video Signals Connection 


Video signals must be connected to pins Vx1, Vx2, 
Vx3, Vy1, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vx1, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vy1, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 


The Color Sequence for Each Output Pin 


Output Pin 

D1 (=D3k + 1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 


Color Sequence 

R>-B>G>R- 
GoR->Bo>Ga 
B>-Go>R-~B- 


The Signal Sequence for Each Output Pin 


Output Pin 


Color Sequence 


HD66300T 


output pins, refer to the following example. 


In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 


This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 


HD66300T 


D1 D2 D3 D3k+1 D3k+2 D3k+3 


Vx1 — Vx3 > Vx2 - Vx1 > 
Vx2 — Vx1 — Vx3 — Vx2 > 
Vx3 + Vx2 — Vx1 — Vx3 > 


D1 (=D3k + 1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 
(Refer to MODE 5) 


The Connection of Signals 
Signal Color 

Vx1 

Vx2 

Vx3 

Vy1 

Vy2 

Vy3 
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In the case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 


Thesame procedure for video signal connection applies 
to the case in which a TFT-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 


Triangular Pattern, Single-Rate Sequential Drive 
Mode 


The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 


1. Unicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 


HD66300T 


- NN OM FT WH 
Oo Aa a Aa 


The clock phase must be changed every line because 
of the 1.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of signals here is the same as that 
described above. | 


2. Bicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode | 


The clock phase must be changed every line because 
of the 0.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) | 
The connection of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 


The Color Sequence for Each Output Pin 


Output Pin § Color Sequence 


~D1(<D38kK+1) Ro B-> R-> B- 


D2 (=D3k+2) GoR~> Go R-> 
D3 (=D3k+3) BoG>»Bo Go 


The Signal Sequence for Each Output Pin 


Output Pin 
1st D1 (=D3k + 1) 
field D2 (=D3k + 2) 
D3 (=D3k + 3) 
2nd D1 (=D3k + 1) 
field D2 (=D3k + 2) 
D3 (=D3k + 3) 
(Refer to Mode 17) 


The Connection of Signal in Each Field 


Signal Sequence 

Vx1 — Vy1 — Vx1 > Vy1 > 
Vx2 — Vy2 — Vx2 — Vy2 -> 
Vx3 — Vy3 — Vx3 > Vy3 > 
Vy1 — Vx1 > Vy1 > Vx1 > 
Vy2 —> Vx2 — Vy2 - Vx2 > 
Vy3 — Vx3 — Vy3 — Vx3 


Per-Field Inversion Per-Line Inversion 
Mode (L/F = low) Mode (L/F =high) 


1st Field 2nd Field 1st Field 





2nd Field 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 


Changing the phase of the sampling clocks is suffi- 
cient when the panel is driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, the above counter- 


HD66300T 


1st line 


2nd line 


3rd line 


Ath line 





HD66300T 


measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, de- 
laying the input video signal for a time period corre- 
sponding to the shift between pixels is required. 


A shift in pixel position 
exists between the lines. 


Figure 4 


Video 
signal 


Delayed video 
_ signal 


Sampling 
clocks 





For the 2nd line 


For the 1st line 





Figure 5 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 
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The Color Sequence for Each Output Pin 


Output Pin Color Sequence 

D1 (=D3k+1) R—-R—->R—->R- 
D2 (=D3k+2) G —9G—>G—>G => 
D3 (=D3k+3) B—>B—>B—B- 





The Signal Sequence for Each Output Pin (in interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 -— Vy1 > 
field D2 (=D3k + 2) Vx2 > Vy2 — Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 > Vy3 > 
2nd D1 (=D3k + 1) Vy1 — Vx1 - Vy1 —- Vx1 > 
field D2 (=D3k + 2) Vy2 — Vx2 — Vy2 — Vx2 > 
D3 (=D3k + 3) Vy3 — Vx3 > Vy3 > Vx3 > 
(Refer to MODE 4) 


The Signal Sequence for Each Output Pin (In non-interlace mode) 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 > Vy1 > Vx1 > Vy1 > 
field D2 (=D3k + 2) Vx2 —> Vy2 > Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 > Vy3 - Vx3 > Vy3 > 
2nd D1 (=D3k + 1) Vx1 — Vy1 - Vx1 - Vy1 > 
field D2 (=D3k + 2) Vx2 —» Vy2 — Vx2 — Vy2 > 
| D3 (=D3k + 3) Vx3 — Vy3 > Vx3 — Vy3 > 


(Refer to MODE 11) 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in Each Field In interlace Mode 


Vx1 
Vx2 
Vx3 
Vy1 
Vy2 

~Vy3 


Per-Fleld Inversion 
Mode (L/F = low) 


ist Field 
Delayed R 
Delayed G 
Delayed B 
R 

G 

B 


2nd Field 


G 


Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 
Mode (L/F =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


2nd Field 
R 
G 
B 
Delayed R 
Delayed G 
Delayed B 


The Connection of Signals in Each Field In Non-interlace Mode 





Per-Field Inversion 
Mode (L/F = low) 


1st Fleld 

Delayed R 
Delayed G 
Delayed B 


2nd Field 

Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 
Mode (L/F =high) 


ist Field 

Delayed R 
Delayed G 
Delayed B 
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2nd Field 

Delayed R 
Delayed G 
Delayed B 
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_ 2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 


HD66300T 


The Color Sequence for Each Output Pin 


Output Pin Color Sequence 
D1 (<D3k+1) ROR ORORO 


D2 (=D3k + 2) G R~G >»R- 





D3 (=D3k + 3) Bo Go»B>GRa> 


The Signal Sequence for Each Output Pin (in interlace mode) . 


Output Pin Signal Sequence 
1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 > Vy1 > 
field D2 (=D3k + 2) Vx2 — Vy2 > Vx2 > Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 - Vy3 > 
2nd D1 (=D3k + 1) Vy1 — Vx1 — Vy1 — Vx1 > 
field © D2 (=D3k + 2) Vy2 — Vx2 — Vy2 —> Vx2 > 
| D3 (=D3k + 3) Vy3 — Vx3 — Vy3 — Vx3 > 
(Refer to MODE 4) 


The Signal Sequence for Each Output Pin (in non-interlace mode) © 


Output Pin _ Signal Sequence 
| 1st D1 (=D3k + 1) Vx1 — Vy1 — Vx1 - Vyi > 
field D2 (=D3k + 2) Vx2 — Vy2 — Vx2 — Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 — Vy3 > 
2nd D1 (=D3k + 1) Vx1 — Vy1 — Vx1 > Vy1 > 
field D2 (=D3k + 2) Vx2 — Vy2 — Vx2 -— Vy2 > 
D3 (=D3k + 3) Vx3 — Vy3 — Vx3 —> Vy3 > 


(Refer to MODE 11) 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 


The Connection of Signals in Each Field In interlace Mode 


Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 


Per-Field inversion 
Mode (L/F = low) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
B 

R 

G 


2nd Field 


G 

Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion | 


Mode (L/F =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


2nd Field 
B 
R 
G 
Delayed R 
Delayed G 
Delayed B 


The Connection of Signals In Each Field In Non-interlace Mode 





Per-Field Inversion 


Mode (L/F = low) 


1st Field 
Delayed R 
Delayed G 
Delayed B 
Bo 

R 

G 


2nd Field 

Delayed R 
Delayed G 
Delayed B 


Per-Line Inversion 


Mode (LF =high) 


1st Field 

Delayed R 
Delayed G 
Delayed B 


HITACHI 


2nd Field 


Delayed R 


Delayed G 
Delayed B 
B 
R 
G 
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Connection to LCD Panels 





In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 


There are two modes of connecting HD66300T chips latter mode, the HD66300Ts are set on both sides and 


to an LCD panel: : 


1) monodirectional connection mode 
2) interleaved connection mode 


HO66300T 


HD66300T 


HD66300T — 


the upper drivers and the lower drivers are alternately 
connected to each pixel-column.. 


SHL 


HD66300T 


HD66300T 





Figure 7 Interleaved Connection Mode 


1046 


HITACHI 





Internal Operation 


The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 


It has three-phase shift clocks with mutual phase 
difference of 120° to drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. 


The operation of sample and hold circuits and sam- 
pling operation are described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 


After the above description, determination of bias 
voltage is described; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 





Sample and hold 
Circuit (A) 








Sample and hold 
(B) 











Circuit 

we, CE 

signals 

input 
Sample and hold 
circuit (C) 
Sample and hold 

& circuit (D) 

Sampling 

clock 1 

Sampling . 4 

clock 2 


HD66300T 


Finally, the OE and FD signals are described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 


Sample and Hold Circuitry 
Operation of Sample and Hold Circuitry 
The HD66300T has four sample and hold circuits A, B, 


C, and D per LCD drive signal output. Sample and 
hold circuit pair A and B is supplied with the same 


_ sampling clock pulses as circuit pair C and D. One of 


the signals output by these circuits is connected to an 
output driver. 


These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 















Output driver O Output 


Figure 8 Sample and Hold Circuitry 
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Insingle-rate sequential drive mode, sample and hold 


circuits A and D are alternately used; circuits B and C 
perform sampling operation, but are not used since 
they are not connected to the output driver. 


In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it asan LCD drive signal 
in the following horizontal scanning period. 


In double-rate sequential drive mode, all sample and 


— 


hold circuits A, B, C, and D are alternately used. 


Indouble-rate sequential drive mode, two sample and 
hold circuits sample two signals during one horizon- 
tal scanning period, and output oneofthem as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 
second half. 


The following shows the timing charts of sampling 
and outputting operation. 


WHA. owns VESTA svruns WW 


Not used 


circuits Not used 


OUTPUT 





Figure 9 Sampling Timing charts of Single-Rate Sequential Drive Mode 


SAMPLING ZY 


Sample 


and 
hold 
circuits 


[swine VE 


VEE, wes TY 


Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 


HD66300T 


register activates in turn the sample and hold circuits 
corresponding to each LCD drive signal output pin. 


The HD66300T has a bidirectional shift register com- 

posed of 120 bits and each bit of the shift register Figure 11 is a shift register sketch illustrating the 
generates the sampling pulses to control the sampling relationship between the shift register and the shift 
operation of the four sample and hold circuits con- clocks HCK1, HCK2, and HCK3. Note that the order 
nected to each LCD drive signal output pin. When a of sampling pulse generation depends on the state of 
bit of the shift register is 1, the corresponding sample pin SHL. D1 corresponds to DL and D120 to DR. 

and hold circuits are in the sampling state; when it is 

0, the corresponding sample and hold circuits are in Figure 12 is a timing chart of sampling pulses gener- 
the hold state. Consequently, shifting a 1 into the shift ated by the shift register. 





SHL © 


HCK1 oO 


HCK2 oO 


HCK3 © 


D1 D2 


D4 seeeeeeeeeee D117 D118 D119 D120 Output pins 


eoecocecereene 


EN Ss 


Figure 11 Shift Register Sketch 


HITACHI | | as, 














HD66300T 


HCK1 


HCK2 
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oe 

(OUTPUT) 

1 ——_____f 

SR2 —______ 

en rane, 5 a: CO 
cn aay ©, See 
SR119 eee ees eee 


SR120 ee a kore eeenreeee eo 
Sl 


(a) SHL= High 


apie cel Ct rel, weed ae 
see seated leah: Mead atl eee le 
tes Me eee, he ok: 
La) S$ 
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ee ak gs 


SR120 eee ad. 
ire: 
oobeun .\ 
(b) SHL=Low 


Figure 12 Sampling Pulse Timing Chart 
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Three-Phase Shift Clocks 
Three-Phase Shift Clocks and Sample Start Signal 


Shift clocks HCK1, HCK2, and HCK3, which are 
operation clocks for the shift register, must be three- 
phase clocks with 50-percent duty. The HCK2 clock 
must be generated 120° after the HCK1 clock, and the 
HCKS3 clock 240° after the HCK1 clock. Sampling 


For upper 
drivers 


For lower 


drivers “HCK3 


DL/DR 


HD66300 


operation starts when 1 is input from pin DL or DR at 
a rising edge of the HCK1 clock pulse. 


In monodirectional connection mode,: all the 
HD66300T chips must be supplied with the same 
three-phase shift clock pulses. In interleaved connec- 
tion mode, the frequency of the three-phase shift _ 
clocks must be half of that in monodirectional connec- 
tion mode, and the phase shift between the upper 
drivers clocks and the lower drivers clocks must be 
one pixel. 


The lower driver clock pulses follow the upper driver clock pulses by one pixel. 


(b) In Interleaved Connection Mode 





Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
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Some position shift exists between the pixels of even for even number lines and those forodd number lines. 
number lines and those of odd number linesforLCD —_ The required phase shift is 1.5 pixels for LCD panels 
panels having triangular patterns. This requires gen- having a unicolor triangular pattern, while it is 0.5 
erating a phase shift between the three-phase clocks _ pixels for those having a bicolor triangular pattern. 


HCK1 | Lf Ld L 
| 
t 

HCK2 __| | Lf Ld 
t 

Hers | CL Lf a 


DL/DR. 5 ee ee 


, 1.5—pixel delay 
begs 


1st line 


2nd tine . 


For odd number 


3rd line 


4th line 





‘For even number 


(a) Unicolor Triangular Pattern 


HCK1 of Pr kT 
HCK2 


HCK3 Lf Bee fas 


DL/DR 


1st line 


2nd line 


For odd number 


3rd line - 


0.5-pixel delay 


Ath line 





HCK1 


HCK2 


For even 
number lines 


HCK3 
DL/DR we a 


(b) Bicolor Triangular Pattern 





Figure 14 
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How to Generate Three-Phase Shift Clocks 


Three-phase shift clocks can be generated by dividing 
the base clock, which is generated from a horizontal 
synchronizing clock, through the use of a frequency 
multiplier such as a PLL circuit. 


The number of horizontal pixels of the LCD panel and 
the valid display ratio determines the base clock 
frequency f. 


If the number of horizontal pixels is 480 and the 


valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 
to the following equation. 


f = (1/valid display period) x (no. of horizontal 
pixels/valid display ratio) 

= 480/(52.7 psec x 0.95) 

= 9.59 (MHz) 


The three-phase clocks can be generated by divid- 
ing f by 3 (in the monodirectional connection mode) 


or 6 (in the interleaved connection mode). 


480 pixels (95%) 


- Video 
signals 


! 1 
{ 1 
) { 
‘Horizontal 
iretrace period Valid display period 
‘ , ‘ 
t 4 
: 





Figure 15 Base Clock 
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(a) In Monodirectional Connection Mode 


For upper 
drivers 


For lower 
drivers 


(b) In Interleaved Connection Mode 


Figure 16 Three-Phase Shift Clocks 
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Bias Voltage 


Voltages V, . bo 
bility of the output buffer and differential amplifier. 
Here the LSI must be used in the range of 


Voc749V s Vins Vict Vio & Vcc ~ 20 V 
VB Controls the drive current capability of the output 
buffer when OE is high (IV,,) and V, ,, controls the 
leakage correction current of when OE is low (IV_,,). 
Figure 17 and figure 18 show the relationship between 
IV ., and V, |, and the relationship between IV |, and 
Viet’ respectively. 

V..p and V,.,, should be to an appropriate level for 
the electrical characteristics of the LCD panel used. 


5 Vec—Vese (V) 





Figure 17 IV... VS Vic-Vies 


P Veh?” and V___ control the drive capa- . 





HD66300T 


The rise time (t,,,) and the fall time (t,),) of the 
output buffer depend on the input level of V, ... 


Figure 19 shows the relationship between topr’ topF 


and V, | 

V9 controls the bias current of the differential ampli- 
fier (IV, ). | 

Figure 20 shows the relationship between the rise and 
fall times (t, 52, tppp) of the output buffer and V, .. 
V9 Should be adjusted to an appropriate level for the 
electrical characteristics of the LCD panel used. 

The increase of total current consumption is 120 times 
larger than that of IV sp’ IV and IV, , because 


bsH bo’ 
figure 17, 18 and 21 each shows the case of one output 


and HD66300T has 120 outputs. 
Figure 17, 18, 19, 20 and 21 are just for referenceand do 
not guarantee the characteristics. 


5 Veo—Vasn (V) 


Figure 18 IV,_, vs V.—V..3 
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Vbo = Vee 3V 
CL=100pF 


3 
Vesa (V) : Vesa (V) 





Figure 19 tos tune VS Vig 


Voss = Vec — 3V 
C.= 100pF 


Vpse = Vee —3V 





Figure 20 t,,9 topp VS V,, 
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5 
Veo—Vpo (V) 





Figure 21 IV, vs V.-V,, 


D1—D120 





Figure 22 Definition of t,,,, and t,,. 
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OE Signal | 
The OE signal has the following functions: 
Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 


circuit, and switches the output signal at the OE signal 
rising edge. 


Switching of drive capability of the output buffer: 
Determines the current drive capability of the output 
buffer; 






Output 
signal 


Large 
‘current 


1058 


Small 


current 


OE = high: Drives with large current (300 pA, typ) 
OE = low: Drives with small current (20 pA, typ) 


This function allows the output buffer to operate with 
large current during the transition of an output signal, 
thus shortening its falling time. At the same time it | 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con- 
sumption. 


The drive current is controlled by bias voltages V, 
(large current) and V, _,, (small current). 





Figure 23 Switching of Drive Capability of the Output Buffer 
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FD Signal 


The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 


The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 


Timing Charts for Each Mode 


HD66300T 


pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 


The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. | 


The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing 
charts. 


Table 2 Reference timing charts for each mode 


Single (D/S = Low) Double (D/S = High) 
interlace Non-Interlace 

Filter Arrangement Per-Line Per-Field Per-Line Per-Field Per-Line Per-Field 
Mosaic Top- Inter- MODE 15 MODE 18 MODE2 =MODE6 MODE 9 MODE 13 

left to } q 

bottom- _“9V° | 

right Monodi- MODE 16 MODE19 MODE 1 MODE 5 MODE 8 MODE 12 

rectional 

Top- Inter © MODE 16 MODE19 MODE 1 MODE 5 MODE8 MODE 12 

right to | 

bottom- _‘ leaved 

left Monodi: MODE 15 MODE18 MODE2 MODE6 MODE9 MODE 13 

rectional 
Vertical stripe MODE 17 MODE 20 MODE3 MODE7 MODE 10 MODE 14 
Unicolor triangular MODE 17 MODE 20 MODE4 MODE4 MODE11 MODE 11 
Bicolor triangular MODE 17 MODE17 MODE4 MODE4 =MODE11 MODE 11 
Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion mode 
Interleaved: Interleaved connection mode 
Monodirectional: Monodirectional connection mode _— 
HITACHI 1059 
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First field 


Second field 
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Video 22] | 23 | [ 24 | f 25 |] [ 26 |] [ 27 | f 28] 29 if] 30 jf Sit 262 | [263] 
DL/OR | | | | l _| | | PETS EL EEE ETE TE Te eres 


FD phil es eeosboeisalsalewichesinshectoseaboteniscteadad abeloaladericiy 


[SAMPLE TOUT] —T SAMPLE TOUT] [SAMPLE [ouT] [SAMPLE TOUT] T T)) Jou] JT | 
Sample and| 8 [__[ SAMPLE | [OUT] SAMPLE] [OUT] SAMPLE] [OUT SAMPLE | JOUTT T\)] lou) 
holdcircuits| ¢  (___]__T SAMPLE TOUT] [SAMPLE [OUT] | SAMPLE [OUT] [SAMPLE TOUT] )} T SAMPLE TOUTT 


ODL SAMPLE | jouT} SAMPLE | [OUT] SAMPLE | __JOUT] SAMPLE] Jy) | SAMPLE | JOUT| 


D3k-+1 XO KOM OOOO OOO ODDO OOD ODDIE 
D3k+2 KK KK TTD TTDI INEXTEDXIX_R 


D3k+3 XX X_N _XH_ KVM ZVI KV IV AZ KV VXI AAV AVY SNVAZ Vy TVS KV ZVI _ XVI SIXVEZXK VX OK 


Ga-1 





Ga-480 


Video 262 283 zea [285] [76] [ear] [rae] ee] aI) eT eae 

1 {>| eee ae ESP Seelieess CGENetest’ nero ested (Wiese (escesvertel feneeeteee SPE Ghee steaersnar eee eet 

oc = =LWILUU LULL LLL LLL LLL LLL. 

FD fa SSS SSS SSS SS 
A (TTT Save Jour 1 Sane Tour] [sane Tour 1 1 ory— ——) 


TT TT SAMPLE TT Tour] SAMPLE Tourl sAMPLET Jour! T)) 1 Joury id 
Lt SAMPLE JouT] [SAMPLE fouT[ [SAMPLE Tout] )) [ SAMPLE [OUT] | 
| SAMPLE | out] SAMPLE | fout] sAmPLE| Jout] sampLe|  T)) [ SAMPLET [| 


D3k+1 XX K KX X XK K_ HK _ KYIV AVIV IKVxAKW I VIK AKA SVAN) OX VT XV SK V2 KX 
D3k+2 XX X KX KX K HK _ HK _ KYAVAK VIVA WV IAVY EAV IV IKVAZ VY YVAN VZV XV _ KK 


D3k+3 XX KK XK XK yA DI y AVN ITD USK EXVEINN  XUIKWEXTIX KK 





Sample and 
hold circuits 
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Video 21, [22] [2a] [me] ae ae) ar) fae [a ae) FS eee) fede 
DL/DR [ | | | [ | | | | \ | 
0 LILLE LL LLL LLL }_ ALLL. 
= 

A 
Sample and | B 


hold circuits | , [T_T SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE JOUT] )) | SAMPLE TOUT] | 
op C___[ [SAMPLE] JOUT] SAMPLE | JouT] SAMPLE] [OUT] SAMPLE] | ))] SAMPLE] OUT, 


D3k+1 __ XK KK VAY AV Vy TV AZ VY AV IVY VX KV IRVKZ Vy BV LXV ZAVX IY XVI KVY LAVXZ KV _ 


D3k+2 — XK KK VAX INV Wy Aa INV DVD XW ANTINW DUREXW NUD) XVI XVVAXVKIKW IX OK 
D3k+3 _ XX _ X_X_ UB VxZKVyIKV Vy EVI Wy IVKZKVy XVI 2X VXIK VY YAVRZ AY XVaZKVVIKVRIX ZK _X 


First field 





pO fe rr 


AL_{ | jf [sSampce Jourt [ sampce fout[ [T sampce foutf To )) Jour, 
Sample and) B [| [J | SAMPLE | _Jout] SAMPLE] oUt] SAMPLE] Joul] 1))]loul] 


hold circuits 


LE SAMPLE Tout] [ sampce Jour] sampce [out] )) [| SAMPLE Tout] | 


DL} [sampce | four] Sample [ Jout[ samPLey Jour] sampce | [\) [ SAMPLET [| 


D3k+1 7 KX KK KX KK KH KK VAKVyIKVRIK V2 KUKI KV DKVRAX Vy IKVIKVVZ KUKI _NVeDXWAXVRIX KR 
D3k+2 XXX XK XK NPD ED ODED OD CD ODED CD)) DODGE _ KX 
D3k+3 — XK K KK NK NK WK Ny XVI AXUIX Vy IXVxDX VIX INV EXVES KW DVRDNY_ XVRDX VY XVKEK _WR _WK 


Ga-1 ee a a ee 
Ga-2 rr A err 


Ga-480 


Second field 
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First field 


Second field 
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A ((_[SAMPLE JOUTT | SAMPLE Toul] | SAMPLE Jour] | SAMPLE OUT] [| ))Joul] | 
Sample and] B [| SAMPLE JOUT[ SAMPLET [OUT] SAMPLE] [OUT] SAMPLE] [OUT] yy] oul] | 
hold circuits! ¢ [_[ SAMPLE [OUT T SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE JOUT] )) | SAMPLE JOUT] | 


[o 
D3k+1 XX KX XK KV WIV Vy VV VXI DVD DAV DV DVT VEDA) KVRTAVY LAVERY OK 


D3k+2 —X_X_X_X_NAVZAVyEAVAAK Vy 2X Vx 2X Vy AVA KV y EV AZ KV BAVA ZV EVRY ZAKVKZM)_ XVXZKVZVAZKVY2K _ XX 


DIK+3 NK NK _KveSK Vy IKVxIXV DKK KV IV INV KIX Vy INV DKVKIK VIRUS _MVKVSXVSXKWIX OK 





ALI [| | SAMPLE JouT} jf SAMPLE fouT] || SAMPLE (cha a yfouTy 


Sample and} Sea eee — Tee ae TT 


hold circuits 


TT TT SPE TOOT] SAMPLE TOUT] SAMPLE Tour] SST SAMPLE TOUT] | 
[| | SAMPLE | four] SAMPLE | out] SAMPLE[ out] SAMPLE]  T \\ ] SAMPLE] | 


D3k-+1 XXX XX XK DOD ODD ODODE DED) XX KIX XX 
D3k+2 XX XXX XK DED DODD UD ODD) KUDU KK 
D3k+3 XK KK KX KX DEKE DOOD DUD, MODDED KK 


Sie a ree eee 
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First field 


Second field 
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A ({__[sampce fout[ [ sampce [out] | samece Jour] [ SampPLe fouT] of fy) fouT] = Td 
Sample and| B ([__[SAMPLET TOUT] SAMPLE [TOUT] SAMPLE JouT] SAMPLE | JouT? J yy foutf 


hold circuits} ¢ [~~~ |_| SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE JOUT] )) [SAMPLE [OUT] | 


D [SAMPLE | JOUTI SAMPLE [ [OUT] SAMPLE | [OUT] SAMPLE] | )) [SAMPLE] [OUT] 


D3k+1 XX KK Kv vy Xvid X wy XV DX Wy DX Vx DX Vy DX Vx TX XV DX Vy IVR XV XV DY XVI XV LXV XV XX 
D3k+2 — XX XK DKA AV 2K Vy AVA KV AXV 2K Vy KV Vy EKVAAK Vy AKVXZ KV OKVRANY_ XVXZXVYZKVKZXVIZK__ OK 


DIES LOK KM IK IKT IKI KTR INTO Wy RIK INTRIKUIKIDN _KRIKWSXTINYIX KR 







AL} Jf [SAMPLE jouT}] f SAMPLE-JouT] | SAMPLE JouT{ ff )) Jouty fF 
Lf SAMPLE [ [outy SAMPLET Tout] sAMPLET  Jout{ [)) jf  Jouty | 
Lt SAMPLE Tout] [SAMPLE [out[ [SAMPLE Tout] )) [SAMPLE TOUT] | 


DL} J sampce]  Jout[ sampce | Jout] sampce| Jour] sampcef J \\ [sample [| 


O3k+1 XX KA XK KX _ HK KYIV VD DV DV TV ORV Vy DRVDVY DXVRT NY XVI XXX KK 
D3k+2 X X XX XK K_ HK _NKYAVAKW AVA Vy AVA AV AZ KV EVA KV KVKZ_AVAZKVIZKVAZK KX 


D3k+3 __X X KX KX XK _ KK NIV V PUY VIL IRV IVY AVIV IAIN XVBKVYS KV KX 
CS ca 


Sample and 
hold circuits 
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First field 


Second field 
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Video _21 [22] [ 23 | [ 24 ][ 25 ][ 26] [ 27 | [ 28 | [ 29} [ 30 |] Sy) | 262 | [263 264 
DL/DR ¢ | 
0 (PLL 





A (SAMPLE JOUTT | SAMPLE OUT] | SAMPLE JouT] ] SAMPLE Sa 
\ | 


oul] 
hold circuits} « [|] SAMPLE TOUT. [ SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE TOUT] )) [ SAMPLE [OUT] _] 
D 


ea ED GD. GD.ED.ED CD CD CCD CDC COC OD CD CCD MCP CD CD GD: 
pak+2 XK XK DEED EDD EDD DED ED ED EE EDD CEDEX 


D3K AB KK NITRA VI DVS URE V XV NVR URINE VR IAN _ XVID XV SNURAX VIX _X 
i pe eee 





A Cl TT [SAWPLE Jourl SAMPLE Tout.” T samPLEJourl T 1)) Jour] T | 
Sample one | 8 CL TT Sane Tour SANE Tour SaMPte T—Tour Dy Tour 
TT TTT SAMPLE TOUT] T SAMPLE TOUT] | SAMPLE TouT] )} [ SAMPLE TOUT] | 


DO Lf J SAMPLE | out] SAMPLE | fou] SAMPLE | _JouT] SAMPLE| | \) [ SAMPLE] of 


D3k+1 OK XX KX KK WUD WA WWE INIXWANY_ NUyAXWIXWIX KW 
D3k+2 KKK KKK WDD WWW UILUEXWIWIM KKWEXWIX KX 
D3k+3 KK KK XK KK KU W NT IXH AW NUIKXWAXINWINWEXW IN) KW XXX _K NW 


te mee 
© Me we 
77 ewe 
te ee 
Me meme ae 
ii a 
wm wm we ae 


- 
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Second field 
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A (_[ SAMPLE [OUT] [SAMPLE [ouT] _[ SAMPLE JouT] | SAMPLE out] | | \)Joul] | | 
Sample and| 8 [| SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE] OUT] SAMPLE] OUT] T\)] Joul] | 
hold circuits!  (__]__SAMPLE TOUT] | SAMPLE [OUT] | SAMPLE [OUT] | SAMPLE Tour] \) ] SAMPLE JOUT] 


DL | | SAMPLE | [OUT] SAMPLE [| [ouT{ SAMPLE [| [OUT] SAMPLE] | )) | SAMPLE | fOUT| 


D3k+1 XX AK KVADV ZV SV VA Z VASA IV AAV IV KIVA IVT VAERVK IN AVS KV IVXZ VIX _ YK 
D3k+2 — XX XK NAVI Va TX VZV IK RUZ Va IKV DRVAZ AV IK VK URE VIKA) XVAIKVRZKVXIK VIX _X 


D3k+3 XX K_ A KVIKW IVA INV IV xZ VIVA IAW VIVA X IVA IAVXZ NY VZV KIKI VAZ XK _ XK 





FD . 


(a (OCT TT San TOUT San TTT Sane Tort er 
Sample ane} 8 CTT sae Tour] samece TTourl samete T—Jourl Ty [Tour 
TTT SANE ToT] -SAMPCE TOUT] —T SAMPLE TOUT] \\T SAMPLE ToUTT —_) 

> (TT sairte [Jour] Save [Jour] saweceT Tour] samece [—TS\] savPce TT) 


D3k+1 KX XK K NK KK KeyKwy2XwaXvy XwarvyaXwiwaxwyaXw rW2Xwany NKuaXwixwex KW KX 
D3k+2 ~ XK KX KK KR XK NK NvyXw3aKXvy KXwarwaXw XwaXwaXvy XwyaxvyaXwyn MW DXWyaXwaX KK YW 
D3k+3 XX KX XX X XK Ny iKvy2Xvy My vy axvy 3K Vy VZV IK Vy DAW2M\_ Xvy2Xvy3X vi XX 


CO se eS 


Ga- 480 
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First field 


Second field 
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A [__] SAMPLE [OUT] [SAMPLE [OUT] | SAMPLE JouT] | SAMPLE [ouT] {| yp JouTy | 
Sample and} B L__LSAMPLE | [OUT] samPLe T  JouT] SAMPLE | Jouty SAMPLE | JouTy Ty T Joury 


hold circuits | ¢ (| “T SANPLE TOUT] | SAMPLE [OUT] | SAMPLE TOUT] SAMPLE TOUT] ST SAMPLE TOUTT 
p (TIT SAMPLE Jour] SAMPLE | — Jour] SAMPLE SAMPLE] 1) SAMPLE | — [OUT] 


re DCD DCDCDC) CD UD. CDC CD CD EDD AD, WD). LD a: 
D3k+2 —X XX X_ PVxAKVaZAVxZK V2 KVAAV KAVA V AAV KKVXZKVKAKV KZ VRE VXEKVKEN)XVAZKVKAAVAKVAZK 
D3k+3 __X _X_X_X_VIKVA IKI VIA V IV INV IK VAIN KIN VINK SVX INUKIKVXSKUK SAY VXI KVEIK VINK VAS _X 





A Lif ff -sampce Tout] | sampce fourf [_samece out] [J )) Jouv] JT 
nei pte B Lift J TT samece [ Jout[ SAMPLET ““Jout[ sAMPLET Jour. | ))[  Jout] | 
cL} fT sAmPce out] | sampce Jour] [ sampce Tout )) | SAMPLE TouTy | 


DL __j_ | sampce | four] sampce | Jout] sampce[  Jout[ sampLe[ [)\ [SAMPLET  [] 


D3k+1 XXX XXX KOKO OUND GW UK). XoXIXHIX XK 
D3k+2 KX XK XX KK _XvyaXwanwyAXwaxwarwyaXxwaXxwaXxwaxwaxwanwen) XweXweXweXx & _X 
D3k+3 OX X X KX X _ X_ XK Ny WIWVyIAVyINVIINVy IVY INV IKWIAV INV IAVIN MV SXV3XW3SX KK 


CN, = ee eee 


Ga-480 | see eh ree 
a ac a ae ee ee ee Se ee 
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Second field 
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A (SAMPLE JouT] | SAMPLE jouT] | SampLe [out[ [SAMPLE JouT[ [Ty Jour? 


Sample and) B [__| SAMPLE | [ouT] sampLe| out] sampce | out] sampce [out] T)) J JourT 


hold circuits : 
C Lu SAMPLE fouT] [SAMPLE [ouT; = [ SAMPLE [OUT{ —_[ SAMPLE [OUT] )) [ SAMPLE [OUT] _| 
DL__|[ _|sampce | fout[ sampce | [out] sampce| [out] sampLe[ [| \\[ sampce] _ [out] 


D3k+1 _ XX XK KKK 3X VARY Vx IVY KV AVY SVK VY LVAD ZKV DAVY SAVAZ))_ AVA UV KV ZK _K 
D3kK+2 _ XK KK DAW Vx 3K V AV Vy VZV KV XV ZV ICV SKA KV AVS), XV SX VARVARA SK _ OK 


D3k+3 _ X_X XK _ X_N wy ZX Vx Vy BKK IU Wy AX VV IKVKZ XV IAVXSKVYE AVR KV VY SKVZ XV XR _X 





FD 


A [_[samece [out] [sampce fout]  [sampce fout[ | sampce out; | | )) out; | | 

Sample and) B (___[sampLe [| [OUT] SAMPLE [ OUT] SAMPLE | [OUT] SAMPLE] [oUT] |[)\[  JouT] 
hold circuits 

| tCtiédLC CCST SAMPLE [OUT] [SAMPLE JouT[ [| SAMPLE [OUT[ _[ SAMPLE [ouT| )) | SAMPLE [OUT] | 


po LJ [sampce | Jout[ samece [Jour] sampce | [out{ samece [ [)) [ SAMPLE | {OUT} 


D3k-+1 XRT KK KITE DTD DOD DED OD TD ODA KKK 
DIZ ROK RK DTW XXX WINX _E 


D3k+3 KOK KK XKCD DKK 


we eee 
oe 
me ee 
mene 
7 Owe wm 
Tew ee 
emene 
men 
Tee ee 
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First field 


Second field 
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A [__]SAMPLE JouT] | SAMPLE [ouT] | SAMPLE [out] J sampte Jour[ J) Jour]. ~—T 
Sample and} B [___[samece | Jout[ sampce [Jour] sampte | Jout] sample] Jout] T))J Jou] sd 


hold circuits 
PE SAMPLE [OUT] YP SAMPLE fouT[ [| SAMPLE [oUT[ _[ SAMPLE [OUT] )) | SAMPLE [OUT] | 
DLJ | SAMPLE | fout[ sampce | Jout[ SAMPLE out] SAMPLE | \\[ SAMPLE] [oUt] 


D3k+1 _ KX XH XK KV Vy2KAVASKVy IRVAZKV SAV VY EV KIK VY IAVAAAVV IRV DAVY ZVI) KVKSAVY OXVZ KV SKK 
D3k+2 _ X KH X_N NAV IVAN EVV VX IV IVY VXI IVER IVI VXI XW EVES KV IK _ XK 


D3kK+3 _ XX XK _K_ DV ZW IV IRV AVIV IKVAZ VY SVX VIVA SV IVAN, VX MV SAV WYER _ XK 


Ga-1 eee ee A Lae ee O eee ee OE ee eee ear (career en ae aCe eae 
Gag ————_______I L________ s/s 





a ([sawPce Jour] | sawpe Jour] | sawpe [out] | samPe Jour] | | Jour] 1] 
Sample and|  [[_[SAMPLE | [OUT] SAMPLE |  JOUT] SAMPLE | JOUT] SAMPLE | JouT] I\}] Jou] J 
hold circuits) (TTT SAMPLE TOUT] SAMPLE TOUT] —[ SAMPLE [OUT] | SAMPLE Tour] \{T SAMPLE Tour] —] 
po CIT sample [Jour] sampce [Jour] sampce [Jour] sawpce | 1 Sf | sampce [Jour] 


D3k+ 1 XTX TX OK KOKO TED DCI TDI XHXIXWXX OR 
D3k+2 KKK NWA USN TAXI UIKT XUN DX TR EXIT) XTX INI OK 
DaK+3 XK _K_K DED DODD ODOM) DUKE 


Ga-1 ee 8, eee ee eee eer eee neee eee 
Ga-2 ah A A Lc i a et 


Gigs ST Enns 
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First field 


Second field 





A (_[SAMPLE TOUTT | SAMPLE Tout] [SAMPLE [out] | SAMPLE [out TT ‘fJoury T—__} 
Sample and| 8 [__[SAMPLE | _JOUT] SAMPLE | [OUT] SAMPLE] Jour] SAMPLE] JouT] <j] Jou] _] 
holderculs | [| T SanPLE TOUT] | SawPLE TOUT] —[-Sawece [our] | SAMPLE Tour] “fT sawrce Jour] —] 

D [(—~TTsawpce [Jour] sampce [Jour] samPce [Jour] samPce TT WT sampce | our) 


D3k+1 XXX XK DODD DDE DOD ED OD EDO DED UDO OD DY) MEDUDEDGDX 
D3Bk+2 KKK _K_ KURA 2K DURAN OKVREX VENTA OKT OXVKERW ENON) _KVOXWAXVRAXWOX _O 


D3k+3 _ XX KX _ KH NIV INV INVY VA IKVY INV INV SVX IVY AVIV SVX KV NVI KVEIAVY SAVEIKVIIA _ 





FD 


(a (_[sawpce Jour] “Tsampce Jout[[sampce Jour] [sampce Jour] | .))Jourl [1 


| Sample and| g (SAMPLE T JOUT] SAMPLE [JOUT] SAMPLE JOUT[ SAMPLE | Jour] T))] Jou] id 


hold circuits 
Cc L.._ [| _[SAmPLE fouT[ __[ SAMPLE fouT{ __[ SAMPLE [OUT] —_| SAMPLE JouT] )\ | SAMPLE [OUT] | 
po (I [SAMPLE [| OUT] SAMPLE | Jout] SAMPLE] Jout] SAMPLE] | \) ] SAMPLE]  [oUT] 


ED >... CD CD UD CD UD CD UD CD UD CUD UD CD UDA UD.\ UD AL DD Ga. 
eT... CD COUT UD UD UDO UDA UD CDI OD, CD OD. 
EE CD CODD UD CO UD UD CUD UD LD WUD I AID 1. a 


ee wee 
wen 
men 
wae ew 
a et ee 
mame 
we 
meen 
= 
ew 


HITACHI oe 








HD66300T 





First field 


Second field 
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[sre [eno 






FS 
A {_[sAmpte [our] | SAMPLE [ouT] [SAMPLE [out] [SAMPLE JouTy | | ))jout] | | 
Sample and) B [__[sampce | Jout[ sampce [Jour] SAMPLE] [out] SAMPLE] JouT] |))] [oul] | 
hold circuits : 
pt SAMPLE [OUT] [SAMPLE [out] [sampce out] [| sampce [our] }) [ samece [our] | 
D L___ Jf _|sampce J Jout[ sampce [Jour] sample Jour] SAMPLE | [| \\ J SAMPLE] [out] 


D3k+1 XX KX VAY TV Dy Xr AVY DX Ve DAV DV DV VT Vy EX Vx DV DVR DQ) XV TDR TX VX DKK 
D3kK+2 __X XX XK DvxAKW 2K Vay EVV EVE KV EVRA Wy AVE KY XV RVY AKVAEN_ XV KV ERVKA KWAK _ DK 


D3k+3 __ XX X_ XK _ IKI VINK VIKA IVI IV IVY AVIV VV SVX KVIKVYIKVAIKVY SK XK 





FD 


A {__ [SAMPLE [OUT] | SAMPLE JoUT] | SAMPLE [oUT[ | SAMPLE [oUT; {| )) fours, | 
Sample and) g [___[sampce | [our] samece [Jour] sampce [Jour] samPce Tour] J )) | Tour] 


hold circuits 


jC SAMPLE fouT{ [SAMPLE [ouT] | SAMPLE JOUT] | SAMPLE JouT] )) | SAMPLE [OUT] _| 


D tL | SAMPLE | out] SAMPLE | JouT] SAMPLE [| [out] SAMPLE | { )) | SAMPLE | [our] 


Dak T XOXO XK XDD IND EDD EDITED DED EOE K 
eT. .@P.@DED 0D OD UD UD UD UD OD UD COD ID UEDA OD OD AID a: 


D3K+3. XK XK NGI IV IVAW VIVA IVY SVS SVXSPWY VIKAS _ XK 


See a eee 


mee me 
we ee me me oe 
one 
tee we 
ee mw ee 
me on 
oe me we we 
oe we 
== 
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A {[__[sampce Jour] | SamPLe fouT] | Same [out] samPte [out] [Ty Jour] TT 


Sample and} B [[sampce | Jout[ sampreT Jout[ sampce T Jouty samPte | Jour, T)yT Jour] 


hold circuits 


PCC SAMPLE [OUT] [SAMPLE [OUT] [SAMPLE JouT] _[ SAMPLE [OUT] }\ [ SAMPLE [OUT] | 


DL} J sampce | jour] sampce | four] sampce { _fout[ sampce | J \\] sampce [Jour] 


DaK+ 1 KK KK KITE IEDEAX HIND KXEIKEDGIX 
DIK+2 KK KK KINI XETHIXTEHXTEDUN) KUNDAN _W 


D3k+3 XK KK DV IKVAAK INV IAVA AVIV KIVA VIVA RA VIVE SVAZ VEIN VRS VZV IR_ XK 


wee we 
wT eee 
ec eoemn an 
Some me 
wT mewn ene 
7 Mme mee 
tate te 


- 


Video 283,288 [OE] [OE] [RT [a [a] faa faa owe A we, 
DL/DR ete Nn 2d ee 
o = LILIUUI LLL LLL LLL 
FD 

[| [sampce Jout[  [sampce foutj J sampce Jour] | sampce out, | |) fouty | 


A 
Sample and! 3 [SAMPLE | JOUT] SAMPLE | JOUT] SAMPLE] OUT] SAMPLE] [OUT] | )) |] JoUT] 


hold circuits 
[Cd sd. SAMPLE [OUT] [SAMPLE [OUT[ _[ SAMPLE JOUT[ —_[ SAMPLE [OUT] )) | SAMPLE [OUT] | 


op CJT samece [ Jout[samece [four] sampte [jour] samPLe | | )) | SAMPLE | JOUT| 


D3kK+1 KK KK Kv XW KWAK XW IX XW IN AXY XVI EN XNVYNEN)_NUaXWIXWSKWAX_ OK 
D3k+2 _ XK KK Aw2Xw IX Wy3XWaXwy VIKA KVY DV WY ZX XV KW EX LXV IY) AW SKW2XW WIA _X 


DaK+3 —X XK XK aaa Waa GATT KU XUKKWAXWIX _N 
Pe a EE SS a Ue ie er ee ee OE! (ON aE 


em ee 
cmme 
wm aew en 
cee 
www mmm 
ween 
wmene 
ee meme ew 
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Second field 
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A (SAMPLE TOUT] [SAMPLE [out] | SAMPLE Tout] [SAMPLE Jour] |_| \fJour]_T_] 
Sample and] B [SAMPLE | JOUT] SAMPLE | [OUT] SAMPLE] —Jout] same] Jour] I‘ Tour] 
hold cireuts | ¢ [-_]__T SawPLE [OUT] SAMPLE [OUT] —[ SaPLE [out] | SawPLE [our] ‘(| Sapte [our] —] 
0 (___[ Tsampce [Jour] sampce [Jour] samece [~ Jour] sampce | | (7 sampce | Jour] 


D3K+T XX XX KV VAY KV IRV KZ AVX IV TVA VK IV VZV KK VX IVA ZKUXIAYY_ XVKIKVE TVA VRS 
D3kK+2 — XK KK KAVA VIKA ZKV IRV AVX VX SV IK VXZKVKI KV DKVXZKVXIKVX DQ, KV VZXVK KX XK 


D3K+3 KK KK UIT ACTED ANTINDK ANID ATAXIA NAN KURAXUI NURI NUEK _N 


Ga-1 Se ac ae a 





FD 


A ({._[SAMPLE [ouUT[ [| SAMPLE JouT] | SAMPLE [OUT] [| SAMPLE [oUT] | | )) JouT] | _—s 

Sample and} B [___| SAMPLE | _JOUT| SAMPLE | _fouT| SAMPLE [| _[OUT[ SAMPLE | _[ouT] [)\[ [out]  _| 
seca | 

hold circuits) | (TT SAMPLE [out SAMPLE [OUT] SAMPLE [OUT| —] SAMPLE Tout] (CT SAMPLE Tout] —] 


DLJ J samece | four] Sampce | four] sampce | [out] SAMPLE] |) | SAMPLE | [OUT 


D3k+1 KK XX XK wy wy aXvy IX Wy VAX IX Vy LXV XW XY DXVyaX WSK IVA XV SN) XV SXWY DXWAXW IK _X 
D3k+2 _X_X XK _X__Xw2eXvy3Xw i KwEXvyIXW WW EX IK VY EXVY SW IVY EU IKW IN) MV IXWEXWIKWIA_X 


D3k+3 _X_ X_ X _ X_XKwy3Kvy MvyeXw3Xvy WAV EKW 3XWy WAV XV EV UAV EX Wy IXV EX VN Kvy2XVySXWIXW2K XX 


Ga-1 I ee 
Ga-2 a ae 5M Se 


Gaa80 EI enn nnn 


oO ee ee ae eens on 
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A {__| SAMPLE fouT{ {SAMPLE [ouT] | SAMPLE JouT] [SAMPLE fouT] | | ))\jout[, [| | 
Sample and|B [__ [sampce [ Jout] sampce | _[out[ SAMPLE | [OUT] SAMPLE] [OUT] | ))] out] | 
hold circuits 

Cc Lt SAMPLE [OUT] | SAMPLE jouT[ [| SAMPLE foUT| _| SampLe [OUT] }) | SAmPLE [OuT[ | 


ob [___[ [sampce [Jout[ sampce [Jour] saMpce | Jour] samece | | VQ] sawpie] Jour] 
Xo a. CD: DD: GP CD CD AT) CLD AD ALD ATI) CED AED), C1), ALD), C1), CLD AED \\ C1), CED ALD AL) OD 


DH Z EK K TEKIN TROK ROK TROT OK TREX TRO XRD NTRKTROKTRM | KX 
DI +3 KR KKK KINI KINKI VIII K TINTED KIX INUIXIXK OW 





FD. 


|__| SAMPLE fOUT{ | SAMPLE jouT{ {SAMPLE fouT{ | SAMPLE fouT{ | J )) Joul] of 
Sample and} g (__[sampce [ Jout] sampce [ fout[ sampce | Jout[ sampce [ Jour. [)) [Jour] 


hold circuits 
| TCCdECSCCT SAMPLE JOUT[ | SAMPLE [OUT] [SAMPLE JOUT] | SAMPLE JouT] )\ [ SAMPLE [OUT] | 
o C_[ [sampre [ fout[{samPce | Joutfsampce | out] samPLe} JS) | SAMPLE | [OUuT| 


Ok+1 XXX XK XD ODD DODD DDD DODD OGDEN 
Oake+2 KX XX OOD DDD OOD DODD DDN OND 


D3k+3 XX XX Kwy3XvyIKy XIX IN INV IX IK IXV INV IKW INV IXWINIMN KySXVyIXWIMWIK 


me ee 
ew em ew 
wm ene 
ween . 
moma a 
~ meme 
-<-- 
we 
wen 
~—— 
= 
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FD se ae a eae 


A |____BAMPLE{ OUT [SAMPLE SAMPLE SAMPLE SAMPLE] y | OUT [| 
Sample 
and e B Not used 
hold C Not used 
circuits D 


[| sane TOOT [Smile] OUT [SAMPLE [OUT [SAMPLE] OUT _[SmMLE[ OUT | —\(TsanPLeT OUT] 
D3k+1 XXX Xe X Wy2_X v3 X Vt X V2 XK Wy3 KX vat X Wy2 X Ves XK vyt XX Yy KX vez KX W3 KX 
D3k+2 XX XX x2 X wy3 X vet X v2 X vas X vt X Vx2_X Vy3 X vat X v2 X Yo X Vas X wi XX 


D3k+3 _X XXX v3 X Wt X v2 X vy3 KX Vat X Vy2 X v3 X Wi X ve2 X vy3 XX Vat X v2 XX 
Ga-1 i | : aE eee | Ge see en ene 


Te a ee oe ne ee 
Se tee 
~ Saale kok eee 
mmm ee me 


Video 280, 281 282 283 284 [85] [286 [289 [290] [291] [ese] [29s] [A] fsz5) 1 2 
DL/OR een meme ee camer mee) ENO ma! (Lismeem) CERWCE! SNe [nricen| EMT mers 6 ( (Se nana areca 
=m Ee We LE Ee pM KD pe ni Ke er gs ee 
2 a, (esi ee are ene aN CNC, ee mee Oe ( reece mares 


A Tf COUdTTLCTCUdETCC‘“‘dL.C*CCC éCS[SAmPUE SAMPLE SAMPLE | OUT |SAMPLE] _)) [SAMPLE 
Sample B Not used 
and 
hold . C Not used 
re 
orew® | D Tsar 00T [same] our [sane our [swreT our VT our yt) 


D3k+1° _X XA XN KX XX xX wi X v2 X v3 X vet X w2 X v3 X Wt XY X Wy2 X Vxs XX 
D3k+2 _X XX XX XX wa KX v3 X vy XK Vx2_X w3 X var KX we XY X WK Val KX 
p3k+3 XX XX XXX v3 Kova XK w2 XK ved X vy KX V2 X wy3 X _)) XK Wt X x2 X____X 


Ga-1 | | : a 
Ga-2 | \ ae : : nn rn 


Ga-240 eT A ee so 7 
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25) (0); arte E: CAR DON AEE! Nae! (ONE UCLA CORA DONE OR! (Pee! SEER We Seana eer ae 
Se ee Ae oe a ee 
FD | a 


Sine [__[sawpceT Out Jsawpce [ our [SaMPLeT OUT [sample] OUT [SAMPLE] OUT [sammey VT our] 
ah aS B Not used 
hold C Not used 
circuits 

z D [ Tsampce Tour [ sawpue[ “OUT [saMPce [OUT [SAMPLE] OUT [SAMPLE] OUT | \\ [sample] OUT J 

ye : 

~ 

2 

wm D3ktT OX XXX Vet X v3 KX vx2_ XX Wt XxX We X Vat XC W3 X We2 wy XX vx XK W2 KX 
D3k+2 _X XXX x2 X vt X v3 XK vy2 X Val XK Wy3 X Vaz XK vyt X vx3 X Wy2 X XK va X w3 XX 
D3k+3 XX XX 3 KX v2 X vet X WX vez X vyt XK Ved XK vy2 KX vet X wy3 KX) X vx? X wi XX 
Ga-1 | | Ra 
Ga-2 i $f 
Ga-240 gee ee eee eee ae | 
Video 280 281 282 283 284 | 285] | 286) | 287] [288] {289} [290] | 291] [292 | 293} | \ 1525 | 1 2 
OUI anc ie Ne dn ee 
OE ry oe (a et es Dg Pa en ep 
FD ent ree Se or Bee 

A (_l[ [J [SawPeT OUT [SAMPLE] OUT [SAMPLE] OUT [SAMPLE]  [JsawPLET OUT ] 

Sample B Not used 
and 
hold =| C Not used 

aaa sare Tout Tsamece Tour JsamPce] OUT [sampteT our] WT our) 

ee . ; 

Be) ; 

c 

8} o3k+1 _X XX XK XX wt KX vs we X vat X wa XK vxz X Wt XK My X Wy3 X_ vx? X__ 

” 


D3k+2 _X XX  X AX xX XX w2 KX vat XK vy3 X v2 XO Wt X Vea XK wy2 XY K Wt X vx3 XX 
O3k+3 _X XX XX XX v3 XK wee X wt KX va XK w2 X Vet X W3 X_)) X we X vet XX 


Ga-1 | $$ 
Ga-2 — J a 
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| o/s | anp | 
Vee 


Video 
DL/OR I | | | | | | { { { | |_« j 

ee JFL ee ee gern 
A a a a) 


ele [_[savPie TOUT Tsawpce | Out [sAwPCE] OUT [sample] OUT [SaMPLE] OUT Towme] \)T our] J 
ot B Not used 
hold C Not used 
(0 [sane [OUT T sarce] OUT [SAMPLE | OUT [SmMPLET OUT [smmPlE] OUT [| —\[TsanPley OUT} 
D3k+1 XX XX Ve X vt KX Vat X vy XK Vat KX wyt XC Vat X vy X vat X wt KX SX vi X wi XX 
D3k+2 XX XK V2 X w2 XK V2 K v2 X vx2_X vy2 X Vx? X vy2 X Vaz X we X My X vee X we KX 
D3k+3 XX XX v3 XK v3 XK vx3 KX vy3 XK vx3_ KX Wy3 KX Vx3_X wy3 KX Vx3 KX wy3 KX) KX vas X W3 XX 
Ga-1 | | She a Re cc 
Gae2: dt esr Sec teenie ener ( —————————_—_—___—_- 
SO a iets Seah ase Ses Ree 
Video 280 281 282 283 28a [285] [286] [289] (290) [291] [292] [293] [\] [e25] 1 2 
DL fac a i 
OF PLAIN Mes Lee el. 
FD a a Nn 
scarmpte( 8 CTT Tare Our [Sarl] our [sauce] out [sanpce] —\{ Joannie [our] 
ample 
aa B Not used 
eee Cc Not used 

D Tair 00 Tare OUT TSP TOUT BAMPCE_our WT oury J 
DIk+1 ~X RK WX NX XR RN NX wiX var KX wi X var KX vyi X vx XK wi KW) (_vx1 XX 


D3k+2 _X A XR XK XX Wwe KX v2 XK we KX vx2 XK w2 X va2 X v2 XW X Wwe X Vaz XX 
D3k+3 _X  X XN XX  X XX WS XK vx3 KX vy3 X vx3 X v3 X vx3 X Wy3 K_)) X V3 XK Vx3 X___X 
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First field 
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Video 20 21 j22} J 23} | 24) |] 25) | 26) | 27} | 28) | 29} [| 30} [| 31} [32] [ 33) 7 \ | L262) [263] 264 


DL/OR - | [| ft fee Cee LEG NS SOR caer A Ce ae a 
OE SLI LILI LL Sn. 
Pp —=$——_———e—er 


A [___[sampue Tour Jsawece | our [sampce [OUT [sample] OUT [SamPeT OUT [smmel ST our[ J 
ti B Not used 
hold = |C Not used 
paaedl () [Tsar [OUT Sante] “OUT [SanPLE [OUT [SAMPLE] OUT [SAMPLE] OUT [—(TsaneLET OUT] 


D3k+ 1 XX XX VX Xe XTX Vid X_V2 XV XV XV? XW Xt XX XS X__Y 
D3k+2 XX XX Vee KX v3 Xv XV XC Vd XK Vat XVx2 Xvid Xt KX vx2 XX vx XK vat XX 
D3k+3 XX XX VS XK Vat XC Vx2 XC Ved X Vat X V2 V3 X Vat Vez X Vx3 X )) X Val X vx2 XX 


SO ee oe ee ie ee 
weet m mmm ene 


Video 280,281, 282, 283 284 [785] [286] [287] [288] [265] [250] [291] [e9z] [293] [WI [ez] 1 2 
DL/DR | | | | | | | | L« | 


ae eS ee aes eee ee ee 
FD Oats ge 


A TTT Tae TOUT JSAP] OUT [SAMPLE] OUT [samPce] \(TsaMPLE] OUT ] 
Sample B Not used 
and 
hold C Not used 
crouns 16 TT Tsar [gamete our [sawpe | our [samme] our VT our yt) 


D3k+1 _X XX X XX XX wi X we X Ww3 X wi X w2 X v3 X wi KX Sy X we X w3 XX 
D3k+2 _X XX X XA xX XX we X w3 X wi X wa X w3 X wi X we X WK W3 X Wi XX 
D3k+3 KX XX XX XX w3 KX wt X we X ws X wi X we X ws X Sy K wi X we XX 


ee ee 
Oe me me ee ee 
elie te ke oe 
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DL/OR eee meester! Caleeett oneal (Meree [Sette Ameo! (Ou (Asem eameoss (Seen, Lemieek Cet! | ee Eee 
oc JLILILILILILILIIA AAS AL_A_n 
of 


A |__| SAMPLE | OUT [sampLe | OUT JSAMPLE| OUT [SAMPLE] OUT [SAMPLE] OUT [SAMPLE] Sy] OUT] | 
Ss 

a te Not used 

hold iC Not used 

circuits D 


[TT samPce TOUT T samie[ OUT [SAMPLE] OUT [sample] Our [sampce] OUT | —\\TsawPcey Our _] 
D3k+1 XX KX aX vs XK Wa Vat XV Wee XV KX Ve3 KZ XV XY XV XV? KF 
D3k+2 _X XXX V2 X Vat X Ved K V2 X Vad X Ve KX Vx XC Vat X Vas X Vx? X _Yy X Vx XK V3 XX 


D3k+3 _X XXX V3 X_Vx2 X_ Vat X Vx X Va2 X Vat X Ved X Vx2 X vet X Vx3 XK _)) X Vez X Vat XX 


omen mom 
om ee wee 
Oe Oe ae ee ee we eee ae me oe 
wee men 
me oe om eee me 
weewen 


Video 280 281,282,283 284 [285] [786] 25] [250] [ZT] [eae] [ees] YT fe] sk 
1; Seco eee meee Sea ANON Nee, eae CORA Seer! EUS (MAE 2 (Soe! Gonna enema 


ee tea eer Lr 
FD a 


A a es a a SSC Ls 
ova B Not used 
dada Cc Not used 
orune TTT sinre O0T TSanrie | Our [samrce | OUT [samPeT our WT oury) 


D3k+1 X XR X X XK XX Wi w3 KX we X vt KX w3 X we X wi KX SS KX Ww3 X Wwe XX 
D3k+2 XX XN RX XR NX XK Xe KX wi X w3 X v2 X Wi X w3 X we X YX Wi X W3 XX 
D3k+3 _X NX XX KX KX XX w3 XK we X wt X w3 KX we X wi X v3 KX) X we X wt XX 
Ga-2 J | maa Le 


Ga-240 ee ee ee 
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Video 20, 21 (22) [2 FRE FE] [EY eT] a) a PH IT] Fae PT A] eee ees se 
[| a cree: Leen! Coed ees a Cae eee AOR ees (ee CA (AN! CoRR Lene 
O. alte Lee ee A le 
nn Ge Ee 


A [[sawpué] OUT Jsawece [out [sample] OUT [SAWPLET OUT [sammie] OUT [sme] QT oury | 
ine B Not used 
hold C Not used 
Py iia | [Tsar [OUT] Samet] OUT [SAMPLE | OUT [SmnPLET OUT [SAMPLE] OUT | —{TSaNPLET OUT] 
@ 
ee 
E D3k+1 XX XK Ve XK Vt KV XK Vt XK Vt XV Vt XX Vet XK Vat X Vxt X Sy X Vet X Vat XX 
\/ 
D3e+2 XX XX vee XK ve vee X vd XC Vee XV X V2 XC vd XC Vz Xv XS X vx2_ KX Vx? XY 
\/ 
D3k+3 KX KX XK Vx3 XK vx3 KX vx3 X Vx3 KX vx3 KX Vx3 K V3 XK Vx3 X Vx X vx3 X _)) X Vx3 KX vx3 XX 
Ga-1 j | Eee oe a EE EEE | CEN RES Ene rn eee 
Ga-2 ss re a Ne ee ene Ee nr aN CoP PE —_——- §__________________ 
Ga-240 se | i | 
Video 280-281 282 283-284 [285] [286] [289] [290] [291] [292] [293] PW] S25] 2 
1] © [0 eee eee COS Pe Sree PUA rg [QUO OMNES ROP! Leneeg| (erred Eneone| MENee! i ( ier! SONRURN NOES eoeseo 
OE pg BB ees ee Cees oe ee ee ee ep ee a cae De 
ce ee ee ee 
A CDT PE OUT J SAMPLE OUT [SAMPLE ouT [samme] \[Jsampce] our ] 
Sample B Not used 
and 
hold C Not used 
circuits 
3 D [TT Tsang Our Tsanpce | our [samPie our [sme oury ST court] 
me] 
Cc : . Y, 
8 D3k+1 X Nh KX KX KR KR KIX vt K vt KX wt XK vi X wi KX wi X WX wi KX wi XX 


Dak+2 XK XK XK XE XE KE KE KE KEK EX KEKE 
pak+3 XX XX KK KKK KX XX XT NY 
ee ee CE ea Meet eevee eee eee Tee 
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NTSC System TV Signals and LCD 


A TV screen display, which is updated 30 times per 
second, is called a “frame” and is composed of 525 
scanning lines. One frame contains two fields; scan- 


ning lines 1 to 262.5 scan the display in the first field, . 


and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
“interlace scan.” 


The time period in which one scanning line scans the 
display is called a “horizontal scanning period” and is 
about 63.5 ps. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the “valid display period”. The 
other period is called the “horizontal retrace period”. 


There aretwo modes for displaying a TV screen image 
on anLCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, each of the 240 lines of the panel aredriven 
by the positive signal in the first field and by the 
negative signal in the second field. Here, 30-Hz alter- 


nating frequency is available, but the number of ver- 


tical pixels is limited to 240. 
(Single-rate sequential drive mode) 


In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 


N 
on 


Scanning line No. 
in the 1st field 





can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog- 
nized that the pixel is driven by signals with opposite _ 


- polarity every frame. This lowers the alternating fre- 


quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating frequency causes flickering and de- 
grades display quality. To raise the alternating fre- 
quency to 30 MHz, a method can be employed in 
which LCD elements are driven once every field in- 
stead of once every frame. 


Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 


Employing this method enables the implementation 
of 480 vertical pixels. 


(Double-rate sequential drive mode) 


ad N 
Cc oo 
ao wi 


N 
co 
~ 


A) <-2----~ ee 


w& 


Scanning line No. 
in the 2nd field 


Figure 24 Example of NTSC System TV Signals Scanning 
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23 A D 286 
24 D A 287 
25 A D 288 


260 D A 523 
261 A D 524 


Scanning line No. Scanning line No. 
in the 1st field in the 2nd field 


_ Scanning line No. 
in the ist field Scanning line No. 
in the 2nd field 





Figure 26 High-Resolution Display by Double-Rate Sequential Drive Mode 
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Absolute Maximum Ratings 

Item Symbol Ratings Unit Remarks Note 
Power supply for = Vag —0.3 to +7.0 V 

logic unit 

Power supply for | Vep Voc 23 to Ve,+ 0.3 V 

analog unit | 

Input voltage for Vie —0.3 to V.,+ 0.3 Vv. 3 
logic unit 

Input voltage for VrB Vap~ 0.3 to Vg+ 0.3 V 4 
analog unit 

Operating Te ~20 to +75 eC Applies to logic circuit 
temperature —10 to +60 °C Applies to analog circuit — 
Storage T 5g —~40 to +125 | °C 

temperature 

LCD level voltage Vi op Vapt? Vect 0.3 V 


Notes: 1. Value referred to GND =0V. 

2. IfLSIsare used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristics limits is strongly recommended for normal operation. Use peyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCK1, HCK2, HCK3, DL,,DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 
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Electrical Characteristics 


IHOWLIH 


DC Characteristics (V, .,, = Voc =5 V +10%, GND = 0 V, Voc - Vpg = 16 to 20 V, Ta = -20 to +75 °C) 








“cc 
Item Symbol Min Typ Max Unit Test Conditions Notes 
Input high-level voltage —-V,, 07Vie — Voc V | 3 
input low-level voltage Vie GND —_ 0.3VE, V 
Output high-levelvoitage V,,, Veo 79-4 = — V lo, = 0.3 MA 4 
Output low-level voltage V,, —_— —_ 0.4 V lop, = 0.3 MA 
Input leakage current(1) =|, ~ —10 — 7 +10 uA Vi=0V, Vee 1 
Input leakage current(2) |, ~10 — +10 yA Vi = Veg: Veco 2 
Output current (1) lout —_ — -150 yA Voc — Vag = 20 V Dk=V,,-O05V OE=Vi, 5 
— _ -10 yA Apply V,, to Vx and Vy. 
Vin = Voc - Vep)/2 vias 
Output current (2) ln +150 _— _ yA Vio = Vee 7 3 V DK=V+05V OE=Vi, 
+10 _ — pA Visn = Mec ~ 3 V 
Vises = Meco ~ 3 V _  OE=GND 
Current consumption lanp _— — 3.0 mA fy, = 2.5 MHZ, Vo = Veg -3V 6 
Tp ti<‘i‘s™éstD VisH = Vcc 7 3 > Voss = Veo - 3 V 
OE = 33 kHz, 
FD = 30 Hz 
OE duty = 7/32 
Bias voltage Vo Vee 74:0 Vog-3.0 — V Veo = “bso = Voss, 
C, = 100 pF, typ, s 6.3 US 
~ Dynamic range Voy Vept to Veg 73:5 V Veo ~ Vag = 20 V, 
| T,, = —10 to +60°C 5,7,9 
— ABV K< Vi < 40.5 V 


esol 


Vo = Vos = Vass = Yee > 3 V 
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DC Characteristics (V, y= Voc =5 V +10%, GND = 0 V, V...- Vga = 16 to 20 V, Ta = -20 to +75 °C) (Cont.) 





Item Symbol Min Typ Max Unit Test Conditions Notes 
Offset voltage Vott Ly) —5 — 180 — —5 +180 mV Voc ~ Vag = 20 V Va=71iVv 5, 8,9 
T, =—10 to + 60°C 
Vote (H) +55-180 — ~ +55 + 180 mV fy = 2-5 MHz V,=71V 
Vo = Yost = “bse 
=Voo-3V 
Notes: 1. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, TEST2, V,., V..,,and Vig 
2. Applies to pins Vx1, Vx2, Vx3, Vy1, Vy2, and Vy3. 
3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, and TEST2. 
4. Applies to pins DL and DR. 
_ 5. Applies to pins D1 - D120. 
_ 6. The shift register is constantly shifting one 1. 
Mode setting: L/F = Veo ,D/S= Vee MSF1 = GND, MSF2 = Voc 
(The other input pins must be V. or GND level.) 
7. The operations are the same as those when offset voltage is measured. 
8. Definition of “offset voltage” is shown figure 27. 
9. 


These characteristics are defined within the temperature which is shown in the test condition. 
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AC Characteristics (V, ., = Voc =5 V + 10%, GND = 0 V, V.- Vip = 16 to 20 V, T, = -20 to +75°C) 


Item Symbol Min Max Unit Test Condition Notes 
Three-phase clock period toxcK 210 1000 ns 
Three-phase clock town 100 —_ ns 
pulse width 
towL 
Interval between three-phase t,., 30 — ns 1 
clock falling edge and rising t 
edge fr2 
tea 
Interval between three-phase t, 20 — ns 2 
clock rising edge and falling 
edge 
Clock rise and fall times to — 30 ns 
DL, DR input setup time i 50 — ns 
DL, DR input hold time ta 20 — ns 
DL, DR output delay time td — 90 ns C, = 15 pF 
DL, DR output hold time tuto 5 — ns 
OE input period tevco 30 80 ps 
OE input high-level pulse town 3 15 ps 
width 
OE rise and fall times te — 30 ns 
toe 
FD input setup time tes 100 — ns 
FD input hold time ti 100 — ns 


Notes: 1. Necessary for preventing the three-phase shift register from racing. 
2. must satisfy the DR and DL input hold time (t,,, ,) of the next horizontal driver. 


(tet tio > top 
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texcx- 


0.7Vec 
0.3Vee 


texex 


ter 


Dee eee 
0.7Vcc 


0.3Vec 





Figure 28 Three-Phase Clock Timing | 
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; a 
HCK2 
| 
HCK3 L. 0.3Vcc | 
—_ ie errs 
DL 


OR 
(OUTPUT) 
DL 0.7Vec 
DR 0.3V 
(INPUT) = 
| — tsu 


Figure 29 Input and Output Timing 


90% (Vin=Vee—3.5V) 


D1~D120 
10% (Vin=Ves+1.5V). 





Figure 30 OE, FD Input Timing, Driver Output Timing 
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HD66310T 
(TFT-Type LCD Driver 


Description 


The HD66310T is a drain bus driver for TFT-type ° 
(thin film transistor) LCDs. It receives 3-bit digital 

data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. | 


The HD66310T can drive an LCD panel with an 
RGBW filter to display a maximum of 4096 «+ 
colors. 


Features 
¢ Full color display: a maximum of 4096 colors 


RGB color filter: 512 colors, 8 gray scales 
RGBW color filter: 4096 colors, 8 gray scales 


Ordering Information 





for VDT) 


High-speed operation 
Number of input data bits: 3 bits x 4 


_ Maximum operation clock frequency: 


— 12 MHz (HD66310T00) 

— 15 MHz (HD66310T0015) 
Maximum pixels: 480 x 640 dots 
160 internal driver circuits 
Bidirectional shift 

Internal chip enable signal generator 
Stand-by function 

LCD driving voltage: 15 V to 23 V 
CMOS process 


Max. Operating Power Supply Operating 
Type No. | Clock Frequency for Logic Unit Temperature Package 
HD66310T00 12 MHz 5V+10% —20 to +75°C 203-pin TCP 


HD66310T0015 15 MHz 5V+5% 


—20 to +65°C 


Note: The details of TCP pattern are shown in “The Information of TCP.” 
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Pin Arrangement 


Y2 Y4 Y6 Y8 Y154 Y156 Y158 Y160 22 DMY1 
Y38 YS Y7 Y183 Y155 Y157 Y159 23 D20 
24 D21 
25 D22 
26 D23 
27 DMY2 
28 CL1 
29 CL2 
30 BS 
31 SHL 
32 ElO2 
33 TEST 
34 GND 
35 Vee 
36 V7R 
37 V6R 
. 38 V5R 
(Top view) 39 V4R 
- 40 V3R 
41 V2R 
42 ViR 
43 VOR 


_ Note: This does not apply to TCP dimensions. 





Pin Description 





Pin List 

Pin Name Number of Pins Input/Output Functions (Refer to) 
Veo1, Vec2 2 | Power supply 1. 
GND 1 Power supply 

VEE 1 Power supply 

VOL-V7L, 16 Power supply 2 
VOR-V7R 

CL 4 Input 3, 
CL2 4 Input 

DOO, D10, D20, 12 Input 5. 
Dos, D13, D23 

RVS 4 Input 6 
SHL 1 Input 7. 
E101, ElO2 2 Input/output 8 
TEST, BS 2 | Input 9 
Y1-Y160 160 Output 10. 
DMY0~DMY2 3. —_ tt. 
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Pin Functions 


1. Vecl, Vec2, GND, Ver: These pins are used 
for the power supply. 


Voc-GND: Power supply of low voltage 
Vcc—Ver: Power supply of high voltage 


2. VOL-V7L, VOR-V7R: 8-level LCD driving 
voltage is applied to these pins. One of the eight 
levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 


voltage level are connected in the driver. 


3. CL1: Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. The 
output changes at the CL1 rising edge. 


4. CL2: Inputs clock pulses, which determine the 


input timing of display data. The driver samples 


data at the CL2 falling edge. 


Table 1 Voltage Level Selection According to Display Data Value 


Display Data 
D2) D1) DOj 
0 0 0 
0 0 1 
0 1 0 
0 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 


Voltage Level 


RVS = 1 RVS =0 
vo V7 
V1 | V6 
v2 V5 
v3 v4 
V4 | V3 
V5 v2 
V6 v1 


V7 vo 





Figure 1 Power Supply for the Device 
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5. D00-D03, D10—D13, D20—D23: Input display 
data. See table 1 for the voltage level selection by 
the display data. 


6. RVS: Determines if logical I/O display data is 
reversed. Display data is reversed when RVS is 
low. 


7.SHL: Selects the shift direction of display data. 


8. EIO1, EIO2: Inputs/outputs chip enable sig- 
nals. The SHL signal selects which pin is for input 


HD66310T 


or output. When the chip enable input signal is 
low, data input starts. When display data corre- 
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 


9. TEST, BS: Used for test purposes only. 


Connect to a low level for normal operation. 


10. Y1-Y160: Output LCD driving signals. 


11. DMY0-DMY2: Reserved pins that should be 
left open. 


Table 2 Input/Output Selection for EIO1 and 


EIO2 
SHL EIO1 EIO2 
GND input Output 
Voc Output Input 


d03, d13, d23 Y1 


d02, d12, d22 Y2 
i d01, d11, d21 Y3 
aac d10, d20 Y4 
i a a i d23 Y157 
(12 bits) d02, d12, d22 Y158 


d01, d11, d21 
doo, d10, d20 


Y4 
Y157 
Y158 


d02, d12, d22 Y159 
d03, d13, d23 Y160 


(12 bits) 





Figure 2 Display Data and Output Direction 
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Internal Block Diagram 


. Y156 Y158 Y160 
Y1 Y2Y3Y4 Y5 Y157 Y159 


VOL, V1iL 


V2L, V3L 
» VI VOR, VIR 
ory vi LCD driving circuit V2R, V3R 
' V4R, V5R . 
Veet, Vec2 ——» a eee verte 
GND | 


een a 
Vee Level shifter 


Test circuit i 
TEST oe ae iin. 
RvS —— | 
" | 
sp mm 


BS ‘ 


Data reverse 
circuit 


Doo, D10,D20— |p 
DO1’ D11, D2t 
DO2, D12, D22 
DO3’ D13, D23 


SHL 
CL2 Latch address selector 


EIO1 dq 
ElIO2 <- AE ses 


| I/O control 





Latch circuit (1) | 1 
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Block Functions 


Latch Address Selector: Contains a 6-bit up/ 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 


Data Reverse Circuit: Reverses the input display 
data when RVS = 0, and does not reverse data 
when RVS = 1. 


Latch Circuit (1): Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa- 
rately latched in its corresponding plane depending 
on its significance. Each plane is divided into 
forty 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir- 
cuit latches 12 bits of data at one time. 
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Latch Circuit (2): Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CLI, 
and holds the data for one line scanning period. 


Level Shifter: Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 


LCD Driving Circuit: Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 


Test Circuit: Generates test signals. 
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System Configuration 


A block configuration of the TFT-type color dis- 
play system using the HD66310 is shown in figure 
3. 


The HD66310 receives 3-bit data for one pixel and 


selects one of the eight LCD driving voltage levels 
to send to the LCD. The LCD driving output 


CPU 


circuit, which is produced by the CMOS structure, — 
can use any LCD driving voltage level from Vcc 
to Vag. When the LCD panel uses an RGB color 
filter (the Triad arrangement), 512 (83) colors can 
be displayed. When using an RGBW color filter 
(the Quad arrangement), 4096 (84) colors can be 
displayed. 


Line synchronization signal, data sampling signal, 
3 alternating signal 


Frame synchronization signal, 
line synchronization signal 


~ | Control signal ee 
Controller || -—H 
12 
3 


HD66310 HD66310 
No. 2 No. 6 


noon 


[Are 88 6s ee Se ee ee ee a 


3 No. 1 


Lo HD61105 | 
No.6 


LCD driving 
power source 





TFT-type color LCD panel 
Triad arrangement 
512 colors 
640 x 480 pixels 


HD66310 7 HD66310 
No. 7 - | No. 8 i 
ee ae ee 


Figure 3 TEFT-Type Multiple Color Display System 
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Internal Operation 
8-Level Output 


The HD66310 internal circuit unit for one data out- 
put is shown in figure 4. The circuit receives 3-bit 
data (D0j, D1j, D2j) and selects one of eight volt- 
age levels (VO—V7) to output to the LCD. 


The transfer gates of the output circuit are pro- 
duced by the CMOS structure. Therefore, any 
voltage level between Vcc to Vag can be applied 
to lines VO to V7. 


The HD66310 has 160 of the above circuits. 
Operation Timing 


The HD66310 operation timing is shown in figure 
5. | 


When the SHL signal is at the GND level, data 
input is started by a low EJO1 (data input enable) 


VO 


HD66310T 


signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EIO2 signal changes to low. 


The LCD driving output changes at the CL1 rising 
edge. The voltage level selected by data d1 is out- 
put from pin Y1, and the level selected by d160 is 
output from Y160. See table 1 for the voltage 
level selection by the input data. 


When the SHL signal is at the Vcc level, data 
input is started by a low EIO2 signal. When the 
data input for 160 outputs are completed, the EIO1 
signal changes to low. The voltage level selected 
by data dl is output from pin Y160, and the level 
selected by d160 is output from Y1. 


Voltage level selector 


Latch circuit (2) 


Latch circuit (1) 


a A a 


Display data 
(DOj) 





Display data Display data 
(D1)) (D2)) 


Figure 4 LCD Driving Circuit 
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1 2 .3 4 5 36 37 38 39 40 


p00 aaX a8 XareXareX — ____Yeadieraaherscfarsgineg 


to 


a "77 Da RR RREREE 


eu ser a IES 


TD CC) CO GND 0) 0 OF OC 


0 aKa KaaXenX_ 777 onda oaorara) 


to 
(Upperbin _atX dX aa XaisX «ta tag raXreXarsy 
SHL = GND 
E101 | | | 
EIO2 | | 
v1 | X di 


to 


Y160 . d160 


SHL = Voc 


EIO2 ee 


EIO1 l 
Y1 | | —XKad160 


to 


Y160 X dj 


Figure 5 Basic Operation Timing Chart 
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Cascade Connection 


When the SHL signal is at the GND level, the 
HD66310 begins to input data when the EIO1 sig- 
nal goes low. When the data input is completed, 
the EIO2 signal changes to low. By connecting the 
EIO2 pin of the first HD66310 to the EIO1 pin of 
the next HD66310, the low EJO2 signal activates 


Driver 1 


El02 EIO1 


Driver 2 


HD66310T 


the next HD66310. Figure 6 shows a connection 
example. 


When the SHL signal is at the Vcc level, the EIO2 
pin of the first HD66310 is connected to GND, and 
the EIO1 pin is connected to the next HD66310 
EIO2 pin. 


Driver 3 


ElO2 ElO2 


EIO1 


Driver 2 
signals 





Figure 6 Chip Enable Operation (SHL = GND) 
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LCD Driving Power Supply Circuitry 
Multiple-Level Driving Voltage Method 


AC voltage must be applied to the LCD, since DC 
voltage deteriorates the LCD. To display eight 
gray scales, 16 voltage levels, shown in figure 7, 
must be applied. 


Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt- 
age levels using the level selector shown in figure 
8, since the transfer gates of the output circuit are 
produced by the CMOS structure. 


External Power Supply Circuitry 


Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 





arrangement, and figure 10 shows the circuit for 


_ displaying 64 colors in the Triad arrangement. 


Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir- 
cuit. 


The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad arrange- 
ment. However, the HD66310 can dispense with 
the level selector, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table 1 for 
detailed RVS functions. 


When displaying 64 colors in the Triad arrange- 
ment, the RVS pin functions as the alternating sig- 
nal input pin, as shown in figure 10. 


Figure 7 HD66310 Output Waveform 





Table 3 Color Display and Pin Specifications 


Output 

Level Panel Spec. 

8x2 Quad: 4096 colors 
(AC) Triad: 512 colors 
8x2 Quad: 4096 colors 
(AC) Triad: 512 colors 
4x2 Quad: 256 colors 
(AC) Triad: 64 colors 


1: Voc level voltage 
0: GND level voltage 


Alternating 


signal 


Voc CO) 


i 


Di2 


1/0 

(upper bit) 
1/0 

(upper bit) 
1 


V vVWYYYVY 


F vio 


wey 


Display Data 
Dit 
1/0 


1/0 


1/0 
(upper bit) 


Level 
selector 


Dio 


1/0 
(lower bit) 


1/0 
(lower bit) 


1/0 
(lower bit) 





RVS pin 
1 


Alternating 
signal 


Alternating 
signal 





Figure 8 External Power Supply Example 1 
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Power Supply 
(Refer to) 

Fig. 8 

Fig. 9 


Fig. 10 
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Alternating 
signal 


Alternating 
signal 





Figure 10 External Power Supply Example 3 
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Design for Timing 


When using the RVS pins to simplify the power 
source, as shown in figures 9 and 10, it is recom- 
mended to add a vertical retrace period, (a scan- 
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 


As shown in figure 4, the data reverse circuit 1s 
before the latch circuit (1). The LCD driving 
output is reversed one CL1 period after a 
transition of the RVS signal, as shown in figure 


LCD output 


HD66310T 


11. However, the power supply lines immedi- 
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CL1 of a frame period. 


In the power supply circuits shown in figures 9 
and 10, voltage temporarily becomes unstable 


just after the RVS transition, causing the LCD 


display to become jumbled. 





Figure 11 RVS and LCD Driving Signals Timing 


Frame synchronization signal 


One frame period ——__ Es ECO—?FH 


Vertical 


Line synchronization signal (cel %. Line 1 = | Line 480 . | | retrace period| | 


Altemating signa! 


rirbet electrodes 
(HD61105) 


ee ee el eee 


invalid data 





Figure 12 Vertical Retrace Period 
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CL1 CL2 DATARVS ai 
HD66310T gird 


Frame synchronization signal 
Line synchronization signal 
Data fetch signal 

Display data (even number) 


[a] [¢] Lo} Lr} [a] [o] 
[a] [s] [0] [a] [¢] [0] 


LCD panel 


Display data (odd number) 
Alternating signal 





Controller 
Number of colors: 512 
Color arrangement: Triad type 

Display capacity: 480 x 640 dots 
IC for scanning: HD61105 





2 
No. 12 TEST, BS, it - 


02 
No.7 TEST, BS, SHL Lh 
mie Ishi CL2 TT vo-v7 G 


CLIC CL2 DATARVS vo-v7 6 ane 





Vee ‘c 


Notes: 1. An operational amplifier should be installed on each level of the power supply line (VO~-V7) to lower the impedance. 


2. Condensers should be installed near the ICs to stabilize the power supply voltage. 
Two 0.1-yF condensers are recommended to be installed on one IC: one between V., and GND, and one between Ve and Vee. 
3. This system uses 12 HD66310T chips and 12 HD61105 chips. © 


Figure 13 Application System Connection Example 
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Figure 14 Timing Chart 
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Absolute Maximum Ratings 


item | Symbol Ratings Unit Notes 





Power supply for Voc -0.3 to +7.0 Vv 2 
logic unit © | 
Power supply for Vee Voc — 25 to Veo + 0.3 V 
LCD driving unit 
Input voltage (1) V4 0.3 to Veg + 0.3 | Vv 2,3 
Input voltage (2) Vre2 Veg — 0.3 to Voc + 0.3 V 
Operating temperature Topr -—20 to +75 (HD66310T00) °C 
~20 to +65 (HD66310T0015) 
Storage temperature T stg —40 to +125 °C 


Notes: 1. Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The 
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability. 

2. Values are in reference to GND = 0 V. 
3. Applies to input pins SHL, CL1, CL2, BS, RVS, TEST, and DOO-D23. Also applies to ‘input/ 
output pins EIO1 and ElO2 when these pins function as input pins. 
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Electrical Characteristics 


DC Characteristics | 
(Vcc = +5 V +10%, GND = 0 V, Vcc — Veg = 15 to 23 V, T, = —20 to +75°C in 12 MHz version) 
(Vcc =+5V+5%, GND =0V, Vcc — VEE= 15 to 23 V, T, = —20 to +65°C in 15 MHz version) 


Item Symbol Min. Typ. Max. Unit Test Conditions Notes 
‘LCD driving power Voc-Veg 15 23 V 1 
supply voltage | 

Input high-level Vind 0.8 x Voc Vec Vo 2 
voltage (1) 

Input low-level Vins 0 0.2xVoc V 2 
voltage (1) ; 

Input high-level Vino 0.75 x Voc V 3 
voltage (2) Voc 

Input low-level Vito 0 0.25x V 3 
voltage (2) Vec 

Output high-level Vou Voc — 0.4 V loy = -0.4 mA 4 
voltage 

Output low-level VoL 0.4 Vi lo, = 0.4 mA 4 
voltage 

Input leakage hy —5.0 +5.0 pA Vin=VcctoGND- 5 
current (1) . | | 

Input leakage lo —  =—10 +10 pA Vin=VectoGND- 6 
current (2) : | 

Input leakage 3 -—100 +100 pA VnzVectoVer 7 
current (3) | 

LCD driver on RON 2.5 kQ Voc — Ver = 20 V 8 
re Ne a ee 
Current —lp, 25 mA Data fetch 12 MHz 9, 11 
consumption (1) 30 mA Data fetch 15 MHz 

Current —lpo 2 mA Stand-by 12 MHz 9, 11 
consumption (2) | —— 2.5 mA Stand-by 15 MHz 

Current —Ip3 3 mA 12 MHz 10, 11 
consumption (3) 3.7 mA 15 MHz 


Notes: 1. Voltage between Voc and V_er. 

Applies to CL1, CL2, SHL, Dij, RVS, TEST, and BS. 

Applies to E101 (input) and ElO2 (input). 

Applies to EIO1 (output) and ElO2 (output). 

Applies to CL1, CL2, SHL, RVS, Dij, TEST, and BS. 

Applies to ElO1 (input) and ElO2 (input). | 

Applies to VOL to V7L and VOR to V7R. 

Applies to Y1 to Y160. 

Current between Voc and GND under the conditions of Vi = Voc, Vy, = 0 V, and no load on the 
output pins. 

10. Current between Voc and Veg under the conditions of Vi = Voc, Vi_ = 0 V, and no load on the 
output pins. | 

11. fops and fey, are 15 MHz, 37.5 kHz respectively in 15 MHz version. 
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AC Characteristics 


(Vcc = +5 V +10%, GND = 0 V, T, =—-20 to +75°C in 12 MHz version) 
(Vcc = +5 V 5%, GND = 0 V, T, = —20 to +65°C in 15 MHz version) 


item | Symbol Min. Typ. Max. 
Clock period tcyc 83 (66) 

Clock high-level towH 30 (23) 

pulse width : 

Clock low-level tow. 30 (23) 

pulse width 

Clock rise time tr 10 (10) 
Clock fall time te 10 (10) 
Clock setup time tsy 100 (100) ; 
Clock hold time ty 100 (100) 

Data setup time tosu 20 (10) 

Data hold time tou 30 (25) 

Enable input | tesu 20 (10) 

setup time 

Enable output tep 53 (46) 
delay time 

CL1 high-level tian) 100 (100) 

pulse width 

RVS setup time tasu 50 (50) 

RVS hold time tay 50 (50) 

Data in (_ ) is the characteristics in 15 MHz version. 

Notes: Applies to CL2. 


1. 
2. Applies to CL1 and CL2. 

3. Applies to Dij and CL2. 

4. Applies to E101, ElO2, and CL2. 
5. Applies to CL1. 

6. Applies to RVS and CL2. 
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Test Conditions 


See figure 16 
for test load 


Notes | 
1 
1 


& 1 OO) @,_M 1M] M | PM 


> 





HD66310T 


Enable output 


4 


LCD output X | 


Figure 15 Timing Chart 


Enable input 





Chip enable 


output 
30 pF 


am 





Figure 16 Test Load 
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HD66330T (TFT Driver) 


(64-Level Gray Scale Driver 
for TFT Liquid Crystal Display) 


— Preliminary — 


Description Features 


The HD66330T, a signal driver LSI, drives an + Multicolor display 
active matrix LCD panel having TFTs (thin film The HD66330T receives 6-bit digital display 


transistor) in the picture element (pixel) area. The data per dot, and selects and outputs an LCD 
LSI receives 6-bit digital display data per dot and drive voltage among 64-level gray scale volt- 
outputs corresponding gray scale voltage. This LSI ages. When R, G, and B color filters are added 
easily achieves multicoloring of a VGA-sized color to the LCD panel, a maximum of 260,000 colors 
TFT LCD and is suitable for applications such as can be displayed. 

multimedia. ¢ High-speed operation 


Operating clock: 28 MHz maximum 
Amount of input data: 3 dots x 6 bits (gray scale 
data) . 
¢ Applicable systems 
PC (640 x 480/400 dots) systems 
Internal 192-bit drive function 
Internal standby function 
Internal chip-enable signal generation circuit 
Supply voltage: 4.5 V to 5.5 V 


Bidirectional shift 
Ordering Information 
Type No. | Outer lead pitch (um) Package 
~ HD66330TAO 160 236-pin TCP 


Note: The details of TCP pattern are shown in “The Information of TCP.” 


1108 | HITACHI 


HD66330T 


Pin Arrangement 


Note: This figure does not specify the tape carrier package dimensions. 


V8L Dot 21 SHL 31 D2t 
V7L 12 p02 22 GND D22 
V6L Do3 23 E02 D23 
VSL Do4 24 D10 D24 
V4L Dos 25 Dit D25 
V3L EIOT 26 D12 
V2L CL4 27 D13 
VIL CL2 28 D14 
VOL CLI 29 D15 

poo Voc 30 D20 


~OONO Th WN — 


Oo 
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Internal Block Diagram 


D 
D 
D 


1110 


CL2 
ElO2 
EIO1. 


SHL 


25-D20 
15-D10 
05—D00 


V8L, V7L, 


V6L, V5L, 
V4L, V3L, 

Vaz, VIL, 
VOL 


Clock controller | 


aL Latch address selector _ 


WL en 6 planes 


192-bit latch circuit 1 ] 


192-bit deco 


Ty sce eweev eee 
192-bit LCD drive voltage generation circuit 


Y1 Y2 Y3 Y4 Y5 
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Block Functions 


Clock Controller: Generates chip enable signals 
(EIO2 and EIO1) and controls the internal. timing 
signals. 


Latch Address Selector: Generates latch signals, 
which sequentially trigger latch operation of input 
display data. 


Latch Circuit 1: Latches 3-pixel x 6-bit sequen- 
tially input display data; composed of 192 x 6 bits. 


Latch Circuit 2: Latches 192 x 6-bit data latched 
in latch circuit 1 synchronously with the CL1 
signal. 


HD66330T 


Decoder: Generates a decode signal per pixel for 
the LCD drive voltage generation circuit using an 
upper 3-bit decoder and a lower 3-bit decoder. 


LCD Drive Voltage Generation Circuit: Generates 
LCD drive voltages from LCD drive power supply 
voltages according to the decode signals generated 
by the decoder. 
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Pin Functions 


Signal Name 
Vec 


GND 


V8L-VOL, 
V8R-VOR 


CL1 


CL2 


D25-D20, 
D15—D 10, 
DO5-D00 


SHL 


CL4 
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Numbers 
1 


18 


18 


vO 


Power 
supply 
Power 
supply 
Power 
supply 


Input 


Input 


Input 


Input 


Input 


Functions 


Voc 


: Vcc~GND: Supplies power to the LSI. 
GND}—~ | 
Supplies power to the LCD drive voltage generation circuit. 
The same voltage must be applied to corresponding L- and 
R-power pins within a range of Vcc to GND. 


Inputs display data latch pulses for latch circuit 2. At the 
rising edge of each CL1 pulse, latch circuit 2 latches display 
data input from latch circuit 1 and outputs LCD drive 
voltages corresponding to the latched data. 


Inputs display data latch pulses for latch circuit 1. At the 
falling edge of each CL2 pulse, latch circuit 1 latches display 
data input via D25—D00 and outputs the latched data to latch 
circuit 2. — 


inputs 6-bit (gray scale data) x 3-pixel display data. 


Selects the shift direction of the display data. 


D15—D10 
DOS—D00 


-D25—D20 


D15-D10 





Controls the 2-phase function. A high level period of this 
signal specifies the first phase period that performs high 
output current operation, and a low level specifies the 
second phase period that outputs the voltage corresponding 
to the display data. 
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Pin Functions (cont) 


Signal Name 
E101, E102 


Y1-Y¥192 





Numbers 
2 


192 


vo 
Input/output 


Output 
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Functions 


Provides chip-enable signals. Input or output depends on 
the SHL signal, as shown below. At any one time, the signal 
being used for input must go low to enable the LSI to latch 
display data, and the signal being used for output will be 
driven low after 192 pixels of display data have been read. 


SHL Level E101 EIO2 
GND Input Output 
Voc Output Input 


Outputs LCD drive voltages. 
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System Overview 


The following shows a block diagram of a TFT 
color LCD system configured with multiple 
HD66330Ts. The HD66330Ts latch 6-bit data per 
dot, and selects and outputs one level among 


64 internally generated LCD drive voltage levels. 
When the pixels are structured using R, G, and B 
color filters, a maximum of 260,000 colors can be 
displayed. 





System biock diagram 





Display data 18 (6 bits x 3 pixels) 


Control signals 3 (CL1, CL2, and CL4) 


LCD drive 


power supply 
circult 


Gate driver 


CL 


FLM 





TFT color panel 
260,000 colors, 640 x 480 dots 








rs 1-frame period 


: +1 1 horizontal” 480 
eves of | | I | | 
colt 7.7 


Ne) vo ve Vo vo Vo 
Vo V8 vo V8 | V8 v8 
Common | 
electrode 
(0 V/5 V) 


 caneseietenemngdllll regasedummeiniaenntinieainaniemtisibasanaaneemaagillltr sielneemniciaaiamniaaiinntionny covaisnaimainnndtilt mokiaadasemunamadmmnaal 


Y1-Y192 a a 


, heoccesisantoncsuisatslenanunimeannsmeadiol 
ce stouhinal anmerieenamndthattined emmapasinnnenitanttieniades Werapupndates-analleateninemmnmainiesandiceeeeatltaua tnamaignmeeneanammaaheamed 
 espasshnieisnallpeactnscahseguaeiniontneeeehnanamapeadiidsiangigasin tpheiaaiiiensipaatasapedstiettattemann tl paageaaetaad eacnmnandannadamrttemameiind 





64-level gray scale 





Cee cagttel anc ccamam ieee rani natant nema aati te eee ee 
SF A LT AT RE 
Pit a cacaerasrac ncaa cbaeeadeats age daehenaiaee aueammeiaiaianamanniemmeamrenieaneteradomamndeammemnenaeme amemeememetintae aaa 
ar nna oer inerasrinanierain mene dine dmmmamein theceummmninetmemumnneaubie miemme td tne coimnnieananiainiee sienna aed 
_ AE cA er cre ATES 


SORE acre 
cuanititnaaninasemeciaasoammustaaiatettaienhaneninunaiehaneneetibataiiemnsenammuneunbaseeinmaneenemmmaderencerettamnnateaaemmeuemnietamasentemmneamimamasmnedieanimen’ 
ieesavanscatUbdeinatichieiaenemniatisaivinted dbteiemmameinmniamieietodmmansemninasisnarnantdnantimantiagell iashiesaaaietittams hemaeenamadiintechatinmaennttieaianmenmet 
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Timing Chart for Display Data 


The following figures show the display data timing 
and hardware configuration for the TFT color LCD 
system configured with HD66330Ts. Since color 
panels usually have a narrow connection pitch with 
driver LSIs, the HD66330Ts should be located 
above (upper drivers) and below (lower drivers) 


HD66330T 


the panel and alternately connected to the panel 
pins. In such a configuration, the RGB data and the 
system dot clock (DCLK) should be divided 
between the upper and lower drivers. Here, DCLK 
should be divided into two by the controller. . 


Upper driver display data 18 (6 bits x 3 pixels) 


CL2U 


CL1 


Controller 
Gate drive © 


AREHEE ——seretrpam 


260,000 colors, 
640 x 480 dots 


Lower driver display data 18 (6 bits x 3 pixels) 


Timing chart 
DTMG Valid display period ————_—_> 


Upper driver display data 


R5-RO (odd pixel) ——-> D25-D20 Yayo 
B5-GO (odd pixel) ——® D15-D10 BP 6) OC) CCS CC) 
Ee eee eee 1.243.445.6478) f 


Lower driver display data CL2L 


G5-GO (odd pixel) ——— 025-D20 Ee ae ee 
BS-HO (even pxo)——> Dis-Dio | Aradaiadsied7.eh ff ~~“ 





www ee 
wacoce 
mccee 
mcoeee 
meeee 
wanecece 
aneoce 


f~ 7 


Numbers in the figure indicate 
oe ee pixels. 
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Power Supply Circuit Example 


The figures below show an example of a circuit 
used to generate LCD drive power supply voltages 
V0 to V8. In this example, 18 levels of voltage are 
generated by divided resistance to alternate the cur- 
rent for the LCD panel, and either positive or nega- 


V7+N7— 
Selector 


Divided resistance 


| 18to9 V0+/VO- 


0 to +100 mA 
<.—_—__» 


-Vs 


LCD drive power supply circuit example 
(per one voltage level) 
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tive voltages are selected and supplied to the 
HD66330T. To stabilize voltage, an operational 
amplifier should be connected to each selector 
output. 


HD66330T 


Maximum +10 mA direct current 
(maximum +5 mA for each of the L- and 
R-pins) flows in the LCD drive power 
supply voltage pins VO to V8 of one 
HD66330T. When 10 ICs are used, the 
current amounts to +100 mA maximum. 
The direct current changes within 0 to 
+100 mA depending on the display data. 


The LCD drive power supply circuit must 
be able to provide stable voltage despite 
the change in the current input to the IC. 
The following shows a circuit example: 


ere 
howe) 77 


a 
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HD66330T 
Power Supply Voltage Examples 


Voltage levels to be input to LCD drive power sup- _ characteristics. The table below lists voltage level 
ply pins VO to V8 should be determined according examples for reference: 
to panel specifications such as voltage intensity 


vo V1 V2 V3 V4 V5 V6 V7 V8 Counter Electrode 
Voltage (V) 0 1.0 15 20 25 30 35 40 50 0 


50 40 35 30 25 2.0 1.5 1.0 0 5.0 
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Relationship between Display Data and Output Voltage 


shows the relationship among the input voltages 
from the LCD drive power supply circuit, digital 
codes, and output voltages. 


The HD66330T outputs 64-level gray scale voltage 
generated by 9 levels of LCD drive power supply 
voltage and 6-bit digital data. The figure below 





Display Data Output Voltage 
DIS Did DI3 DI2 Di1 DIO i1stPhase 2nd Phase 


o 0 0 oO O QO V1 VO + 1/8 x (V1-VO 








ih 


Display Data Output Voltage 
Di5 Did DI3 Di2 Dit DIO 1st Phase 2nd Phase 


1 0 0O O O 9QO V5 V4 + 1/8 x (V5—-V4 


0 0 0 0 0 +1 V1 VO + 2/8 x (V1-V0) 1 0 0 0 0 1 V5 V4 + 2/8 x (V5-V4) 
0 0 0 0 1 +0 V1 VO + 3/8 x (V1-V0) 1 0 0 0 1 +0 V5 V4 + 3/8 x (V5-V4) 
0 0 0 0 1 +1 V1 VO + 4/8 x (V1-V0) 1 0 0 0 1 1 V5 V4 + 4/8 x (V5—V4) 
0 0 0 1 +0 =~0 V1 VO + 5/8 x (V1-V0) 1 0 0 1 +0 +0 V5 V4 + 5/8 x (V5-V4) 
0 0 01 0 1 V1 VO + 6/8 x (V1-V0) 1 0 0 1 0 1 V5 V4 + 6/8 x (VS-V4) 
0 0 0 1 +1 =+«20 V1 VO + 7/8 x (V1-VO) 1 0 0 141 +4 ~=«0 V5 V4 + 7/8 x (V5—V4) 
0 0 01 «1 ~=+4 V1 V1 1 0 0 14 14 41 V5 V5 
0 0 1 0 0 0 v2 Vi + 1/8 x (V2-V1) 1 0 1 0 0 O V6 V5 + 1/8 x (V6-V5) 
0 0 1 0 0 1 v2 V1 + 2/8 x (V2-V1) 1 0 1 0 0 1 V6 V5 + 2/8 x (V6-V5) 
0 0 1 0 1 +20 v2 V1 + 9/8 x (V2-V1) 1 0 1 0 1 +0 V6 V5 + 3/8 x (V6-V5) 
0 0 1 0 1 41 v2 V1 + 4/8 x (V2-V1) 1 0 1 0 1 1 V6 V5 + 4/8 x (V6-V5) 
0. 0 1 «+1 ~«0 ~«0 v2 V1 + 5/8 x (V2-V1) 1 0 1 +1 +0 =«0 V6 V5 + 5/8 x (V6—V5) 
o 0 1 1 +0 +1 v2 V1 + 6/8 x (V2-V1) 1 0 1 14 0 1 V6 V5 + 6/8 x (V6-V5) 
0:0. tt. 0 v2 V1 + 7/8 x (V2-V1) 1 0 14 74 71 ~=«0 V6 V5 + 7/8 x (V6-V5) 
0 0 1 1 14 4 v2 v2 1 0 141 14 14 4 Ve V6 
0 1 0 0 0 +0 V3 V2 + 1/8 x (V3-V2) 1 #41 0 0 0 =«0 V7 V6 + 1/8 x (V7—-V6) 
0 1 0 0 0 +1 V3 V2 + 2/8 x (V3-V2) 1 1 0 0 0 +1 V7 V6 + 2/8 x (V7—-V6) 
0 1 0 0 1 =«0 V3 V2 + 3/8 x (V3-V2) 1 4 0 0 1 +0 V7 V6 + 3/8 x (V7-V6) 
0 1 0 0 1 +1 V3 V2 + 4/8 x (V3-V2) 1 1 0 0 1 =1 V7 V6 + 4/8 x (V7—-V6) 
0 1 0 1 +0 +0 V3 V2 + 5/8 x (V3-V2) 1 #1 0 #1 +0 ~=«0 V7 V6 + 5/8 x (V7--V6) 
0 1 0 1 0 1 V3 V2 + 6/8 x (V3-V2) 1 #1 0 4 +0 1 V7 V6 + 6/8 x (V7-V6) 
oO 1 0 1 +1 ~=«20 V3 V2 +7/8x(V3-V2) 1 #41 0 1 #1 ~«0 V7 V6 + 7/8 x (V7—-V6) 
oO 1 0 1 1 =4 V3 V3 1 41 0 14 +14 1 V7 V7 
oO 1 1 0 0 +0 V4 V3 + 1/8 x (V4—V3) 1 1 1 #0 0 +O V8 V7 + 1/8 x (V8-V7) 
0 41 141 0 0 =41 V4 V3 + 2/8 x (V4-V3) 1 1 1 +0 +0 +1 V8 V7 + 2/8 x (V8—-V7) 
Oo 1 #14 0 1 =«0 V4 V3 + 3/8 x (V4-V3) 1 1 1 +0 +1 ~=«0 V8 V7 + 3/8 x (V8-V7) 
oO 1 1 0 1 41 V4 V3 + 4/8 x (V4-V3) 1 1 14 0 14 =~ 41 V8 V7 + 4/8 x (V8-V7) 
oO 1 1 #1 #0 +0 V4 V3 + 5/8 x (V4-V3) 1 41 4 +14 =0 ~=0 V8 V7 + 5/8 x (V8-V7) 
oO 1 1 1 0 41 V4 V3 + 6/8 x (V4-V3) | ee eee Ca ee «oe v8 V7 + 6/8 x (V8—-V7) 
Oo 1 14 1 +1 ~=«0 V4 V3 + 7/8 x (V4-V3) eee Na: See ae V8 V7 + 7/8 x (V8—-V7) 
0 ; a, See: a | V4 V4 1 4 4 +14 ~=14~-4 V8 V8 





Note: 1st phase: The period in which 2-phase control signal CL4 is high and high output current operation is performed. 
2nd phase: The period in which 2-phase control signal CL4 is low and low output current operation is performed (see p. 1199 for 


details). 


Power 


supply 
circuit 


64 levels 


Display data 
(6-bit digital data) 
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Output Offset Voltage 


The HD66330T has an internal DA converter per 
output. The upper three bits of 6-bit display data 
select and apply the LCD drive power supply volt- 
age level to the DA converter, and the lower three 
bits select and output one analog voltage level. 


Output offset voltage Vor is defined as the differ- 
ence between the actual output voltage and the 
ideal output voltage expected from the LCD drive 
power supply voltage and digital display data. The 
Voff can be considered as the total output voltage 
differences including the differences between LSIs, 
between different output pins of the same LSI, and 


LCD Drive Power Supply Voltage Examples 


Vo 
Voltage (V) 0 


V1 
1.0 


V2 
1.5 


V3 
2.0 


(VO < V1 <... < V8) 


HD66330T 


that caused by concentrated current in a LSI due to 
a particular display pattern. 


The figure below shows the characteristics of out- 
put voltage with respect to LCD drive power sup- 
ply voltages. Since output offset voltage Voe¢ 
depends on the difference between adjoining LCD 
drive power supply voltages [Vn — Vn + 11(n=0 to 
7) output offset voltage will also decrease when the 
power supply voltage difference [Vn — Vn + 1I is 
decreased. 


V4 
2.5 


V6 
3.5 


V7 
4.0 


V8 
5.0 


V5 
3.0 


ideal output voltage 


Output voltage dispersion range 


‘ 
-<--- 
2. 


Ve Leper: | 


Vox = 30 mV~_ 77" 


& 
8 
S$ 
S 
2 
> 
O 


ee i] 
Sareea sae eee 


i. 


Voit = 60 4 Sf 


000111 ----<4------ 
001111-----St-- 

010111----<- 

OTe eee = eee 
100141 feet Sects 
101111----S 


or 
< 
were eer enwone woe new ewer weeaewe ceca Ww owen 


ms Vott = 60 mV 


‘ ; : 
'V8-V7 = 1.V 


=) 
3 
< 


oO 
Oo 


co 
oO 





Output offset voltage Vo# 


(eo) 


0.5 1.0 
jVn—Vn + 1 


(V) 


110111-----S 


LCD drive power supply voltage 
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LCD Drive Power Supply Voltage Examples 


7 V6 V5 V4 V3 V2 v1 vo 


V8 
0 


2.5 3.0 3.5 4.0 5.0 


2.0 


1.5 


1.0 


Voltage (V) 


Ideal output voltage 


® 
©) 
Cc 
0) 
de 
Cc 
2 
2 
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a. 
a 
ne] 
0] 
oO 
© 
= 
eo) 
> 
cen 
—~ 
a. 
per) 
= | 
oO 
EE 


VO fon--nneennneeeecccccnenece ce etenen eee cceetnteeeeeeetenes 


> 
E 


60 f-------------5 


i 

f 

‘ 

i 

’ 

t 

‘ 
fo) 
o 


© 


Hn, aBeyjOA 1esyo indino 


wannnewee 


V4 


96e}J0A Indino 


V5 [occccecccececeeeeeeee” 


[Vn —Vn+ 1] 


N---- LLL 100 


o 
> 


LLLOLO 


LCD drive power supply voltage 
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2-Phase Operation 


A high-speed low-power output switching function 
is provided by dividing the horizontal period into 
1st-and 2nd-phase periods, where high output cur- 
rent operation and low output current operation are 
alternately performed. 


During the lst-phase period, the specified voltage 
is applied to the LCD panel quickly with a low out- 
put impedance of about 215 kQ (high output 
current operation). Here, the applied voltage is 
selected by the upper three bits of display data 
(see p. 1196). 


During the 2nd-phase period, a voltage is applied 


Horizontal period 


HD66330T 


corresponding to the display data with an output 
impedance of about 17 kQ (low output current 
operation). 


In general, since it is not required to secure the 1st 
phase in a 640 x 480-dot color panel (see the figure 
below for assumed load condition), CLA can be 
fixed low. 


This function is effective when the panel load is 
large or when a horizontal period is short and gray 
scale voltage must be applied quickly. For settings 
in the Ist-phase period, see note 4 in Electrical 
Characteristics. 


1st phase | 2nd phase 
CL4 | | | | 


Output resistance 
2.5 kQ 


Assumed load condition 


5kQ 


LCD load: o—A\A-—_ 
200 pF 


a 





Output resistance 
17 kQ 
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Absolute Maximum Ratings 


Item Symbol Rating | Unit Notes 
Power supply voltage Voc —0.3 to +7.0 V 1 
Input voltage (1) Ve4 —0.3 to +Voco + 0.3 V 1,2 
Input voltage (2) Vo -0.3 to +Voc + 0.3 V 1,3,4 
LCD power supply input current lt +20 mA 5 
Operating temperature Tor —20 to +75 °C 

Storage temperature Ts —40 to +125 °C 


th Sel —_ DS ial SRS EA RC; EEN teehee Neen ae re eS NC ae ee 
lf the LSI is used beyond the above maximum ratings, it may be permanently damaged. It should always be 
used within its specified operating range for normal operation to prevent malfunction or degraded reliability. 


Notes: 1. Assuming GND = 0 V. 


2. Applies to input pins CL1, CL2, CL4, SHL, and Dij, and /O pins ElO1 and ElO2 when used as 
input. 


3. Specifies voltage to be input to the LCD drive power supply pins. 
Either of the following relationships must hold: 


Vicp 2 V8 = V7 2 V6 2 V5 2 V4.2 V3 2V22V1 2=VO02GND or 
Vicp 2 V0 2 V1 2 V22 V3 2V42V52V62V72V82GND 


4. The following relationship must hold for VO to V8 potentials: 
Vn — Vn + 11 $2 V (n = 0 to 7) 


5. Specifies the maximum ratings for current in the LCD drive power supply input pins VO to V8 
(total current for both L and R pins). 
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Electrical Characteristics 


DC Characteristics (Vcc - GND = 4.5 to 5.5 V, and T, = 20 to 75°C, unless otherwise noted) 


Applicable 
Item Symbol Pins Min | Typ Max Unit Test Conditions Notes 
Input high-level Vij CL1, Cl2, 0.8 x Voc Voc V 
voltage SHL, Dij, CL4, 
E101(\), 
Input low-level Vit E102(1) 0 | 0.2xVoco V 
voltage 
Output high-level Voy E101(O), Vec — 0.4 V lon = —0.4 mA 
voltage ElO2(O) 
Output low-level Vo. 0.4 V lo. = 0.4mA 
voltage 
Input leakage lia CL1, Ci2, —5 +5 pA 
current (1) _ SHL, Dij, CL4 
input leakage lo E1lO1(\), —10 +10 pA 
current (2) — E102(1) 
LCD drive power |, VOL-V8L, -10 +10 mA Total of L and 
supply input VOR-V8R R pins 
current | | |\Vn—-Vn+1[=1V 
(n = 0 to 7) 
- Output offset Voft Y1-Y192 — 60 mV Voc-GND=5V 1 
voltage : [Vn —-Vn+1|=1V 
aE ae eae ee ae eee 8-1 5 ee 
— 30 mV Voc -—-GND #5V 
\Vn—-Vn+1[=0.5V 
(n = 0 to 7) 
Difference Viet Y1-Y192 — +30 mV Voec-GND=5V 2 
between \Vn-Vn+1/=1V 
output pins : (n = 0 to 7) 
— +15 mV Voc-GND&5V 
[\Vn-Vn+1,=0.5V 
(n=O to 7) 
Driver output Ront -: Y1-Y192 — 2.5 kQ 1st phase 
ON resistance | Vec — GND = 5 V 
Ron2 Y1-Y192 — 17 ~ kQ- 2nd phase 
| Vec ~-GND =5V 
Current loa Between — 20 mA Data latch 3 
consumption (1) Vec and foto = 15 MHz, 
GND fos = 33 kHz 
Current la Between — | 4 mA Standby 
consumption (2) Voc and fotg = 15 MHz, 
GND fous = 33 kHz 
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Notes: 1. Output offset voltage V># is defined as difference between the actual output voltage and output 
voltage expected from the LCD drive power supply voltage and digital display data. 
Vorr Shows the following characteristics with respect to voltage difference between adjoining LCD 
drive power supply pins |Vn — Vn + 1|. 





® 

g (mV) 

S60 

2 

= 30 

2 0 

5 05 1.0 (Vv) (n=O0to7) 


\Vn— Vn +1] 


2. Vref can be considered as the maximum total output voltage differences including the differences 
between LSls, between output pins of the same LSI, and that caused by concentrated current in 
an LSI due to a particular display pattern. 


3. Except for the current flowing in VO to V8; outputs are unloaded. 
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AC Characteristics (Vcc — GND = 4.5 to 5.5 V, and T, = —20 to +75°C, unless otherwise noted) 





























Item Symbol Applicable Pin Min Typ Max Unit Test Condition Notes 
Clock cycle time tenay CL2 28 MHz 
Clock high-level Towh CL2 10 ns 
width | 
Clock high-level Tew CL2 10 ns 
width | 
Clock rise time T, CL1, CL2 6 ns 
Clock fall time Ts CL1, CL2 6 ns 
Clock setuptime Tg, CL1, CL2 50 ns 
Clock hold time Th CL1, CL2 70 ns 
Data setup time Tasu Dij, CL2 10 ns 
Data hold time Tah Dij, CL2 10 ns 
Enable setuptime T,,, © ElO1,EIO2,CL2 7 ns 
Enable output Tos E101, ElO2, CL2 20 ns | 1 
delay time | 
CL1 high-level Toawh CL1 56 ns 
width 
Driver output Tad CL1, Y1-Y192 22 ys 2,3, 4 
delay time 
T; T; 
Teo Tax Wi nas 
CL2 0.8 Voc 0.8 Vec 0.8 Veco 








0.2 Voc 
Tsu 


0.2 Voc 0.2 Veg 0.2 Voc 





Dij 


CLI 
CL2 


Notes: 1. The figure below shows the load condition 
for the enable output pins. | Enable output 


Enable output aaa St 


mn 


30 pF Enable input 0.2 Voc 
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2. Specified by the following load condition and timing. 


Load condition 





Load resistance 


§kQ 
Load capacitance 


== 200 pF 
Lb 


Y1-192 


(CL4 is fixed at low level.) 
CL1 


Specified output voltage — Vos 


Y1-192 , 
Specified output voltage + Vor 


3. Driver output delay time Tyg has the following characteristics with respect to the load condition. 


Load resistance 10 kQ 


40 
Load resistance 5 kQ 
g 30 
2 20 
of 
i oe (CL4 is fixed low.) 
0 


100 200 300 
Load capacitance (pF) 


4. Driver output delay time Tyg has the following characteristics with respect to the CL4 high-level 


width. 
20 
g 
2 10 
Load resistance 5 kQ 
Load capacitance 200 pF 
0 
5 
CL4 high-level width (us) 
HITACHI 
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LCD Module Line Up 
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Graphic Display LCD Module 





@LM213XB 


AEE A 








Aes 2 


@LMG63900HGR 





@LM238XB 









@LMG6400PLGR 
@LMG5040XUFC 
@LMG6151XUFE 
@LM300xm 
@LMG9040zzFC 
HITACHI 
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LCD Module Line Up 





Character Display LCD Module 


1-line Series 





@LMO058 





2-line Series 


@LMO52L 


@LMO017L 


LMO16XML 


teenth 


@LMO18L 
@LMO32L, LMO32XML 
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LCD Module Line Up 








4-line Series Segment-type LCD module 


; ale atten, ei aie a ate, 
fai PCCEEEE 
\ ARC : en ay Hg eR, ity Fat, ry 
\ \\ 








LED with backlight 


@LMO087LN 


@LMOSG6GALN 
@LMO92LN 


@LMOS3LN 





HITACHI oa 

















LCD Module Line Up 


Graphic Display LCD Module (Reflection type) 


. Effective 
Screen Size Dot Pitch 
(mm) wh (mm) | wh (mm) 


cn 180% 76xt1mes._‘[¥aaxa9_[o.sax0.60) 1/82 
| 1 | 256x64 184 75x 10max. 1/64 
| #1 | 256x64 16068 x9.5max. #4 
LMG6392QHFR | LMG63820HFR | *1 | 256x64 160x689. 5max. #4 
LM221XB }LM238XB | #14 | 240x128 180x120x13.8max. | 148x75 —*| 0.55x0.55| 1/64 _| 
LMG6410PLGR |LMG6400PLGR | *1 | 240x128 159.4x1019.5max. *4 

pat 1/128 | 

#2 | 

jet | 

[+4 | 

#1 | 

#3 | 







| 


See csecsdewecsiusi 


i 
: 


w xh (dots 
240 x64 
24064 


LM258XB 


LM213XB 


LMG6390QHGR | LMG63800Q0HGR 










LMG6412PLFR | LMG6402PLFR 240x128 159.4101 x9.5max. *4 1/128 
LM211XB 48064 270 82x 13max. 1/64 
LM211XMC 

LM215XB f- 


480x128 Yellow-green 270 110 11.5max. 242 x69 0.48x0.48 | 1/64 


LMG62S50ULGR 


48064 27082 x 13max. 240x38 0.49x0.49 | 1/64 


LMG6252ULFR 
LM266XW 


4 
f= 480x128 270x110 11.5max. 242 x69 0.48x0.48 | 1/128 
[- ss #3 | 480x128 | Black & White |270x110x11.5max. |242x69 | 0.48x0.48 | 1/128 
P= we 640x100 287.571.5x11.5max. }243x420 0.36x0.36 | 1/100 
LM280X p= 640x200 ‘| Yellow-green | 270 1041 1max. 236.4x78 | 0.36x0.36 | 1/200 
LMG6270XNGR fe 640x200 265 x 90 x Bmax. 221.2x73 0.33x0.33 | 1/200 
LMG6272XNFR aE) 640x200 ‘| Black & White | 265x90x8max. 221.2x73 1/200 
-  # | 00 


LMG6280XNGR 640x200 270 116x 8max. 
640x200 270x116 8max. [217.2x96 | 0.33x0.45 | 1/200 | 
640x200 | Bark & White | 270x116 x 8max. 
640x400 | Bark nite | 288x173 7.5max.  223.17%143.97 | 0.33x0.33 | 1/200__ 
640x480 | Bare ene | 272x178x 9max. | 


Graphic Display LCD Module (with EL backlight) 


LMG6391QHGE 


LMG6282XNFR 
LMG6283XNFR 


LMG6273XNFR 640x200 265 x 90 x 8max. 221.2x73 0.33x0.33, 1/200 


LMG6111XTFR 
LMG6150XUFR 


EL A Ie 
i 










































LMG6381QHGE 


LMG6401 PLGE jt | 


256 x64 16068 x 9.5max. * 4 126.337 


240x128 New gray 159.4x101 x9.5max. *4 
480x128 |New gay [270xt10x11.6max.|2azxes _[o.a8xo.aa| 1/128 | 
[x3 [640x200 [Newey | 268x80xmex 
[3 [eaox200 [Newey |270x116xemex. ‘| 2t7.2x86 _|0.8x0.48]| 1/200 | 


New gray 






LMG6411PLGE 
LMG6251ULGE 
LMG6271XNGE 
LMG6281XNGE 
LMG6171XTBE 


LMG6173XTFE 


| #3 | 640x400 nica 256 x 146 x 9max. 197x125 0.30x0.30 | 1/200 
} #3 | 640x400 Black & white | 256% 146%9max. 197x125 0.30% 0.30 | 1/200 


640x480 Black & White | 979x178x9max. 202.37x152 |0.31x0.31 | 1/240 


anti-glare 
640x480 | Be nite | 260x 160 x 9max. 183x 138.4 1/240 
0.33% 0.36 | 1/200 


Graphic Display LCD Module (with CFL backlight) 


LMG6151XUFE 





LMG6221XUFE 0.28x0.28 



















LM721XBNP 


LMG6160XTFC 
LMG6371XTBC 









LMG6471XTFC 
LMG5040XUFC 


anti-glare . 
covaeo [ess 28 
covaen _[Bass™™ [2eoxi72x10anme _[vooxioo[oaoxo20| v2 
1120x780 | Black & White | 316x230x31max. 236x166 | 0.205x0.205 | 1/390 


LMG5060XUFC 
LMG90502ZFC 
LMG90402ZZFC 





anti-glare 
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(Note) 
Vpp-Yss 


+ 
a 


+/+] + 
aria; a 


+ +1+ 


+ 
oa 


5 
5 


+l+]}ti 4] + 
a a 


+5 


+/+] + 
ay;o; oa 


,oa o 


oa 


aia 


a;a 


+/+ 
oa a a a 


+ 


5 


+] + 
ol oi 


+ 


5 


+ 
a 


+ 
oa 


+ 
a 


+ 


5 


+ 
ao a 


i oi a 


+ 


5 


Note: Contoller 


Recommended Voltage 
Consumption | Temperature | Temperature 


LCD Module Line Up 


7 
: 


Supply 


2 Double 
2 Double 


2 Double 


|2 Double _| 


< 


© 
+ 
> 
oO 


-—20~+60 


275 
275 
275 

20 


-20~+60 
90 

ae 
1000 *5 
100 
115 ’ 
115 

ian 
SEooue ~20~+60 2 Double 
2000 *5 
200 

Sarak 
400 

=20~+60 2 Double 


nN 
8 
o 
: 
+ 
eA 
(o) 


230 
2 Double 


2 Double 


ae 
oe 


2 Double 





2 Double 


3 Double 


LS! *1: HD61830 *2: HD63645F/64645F *3: HD66841 +4: External-type contoller maximum thickness is 9.0 mm. 
*5: EL power consumption *6: CFL power consumption *7: Vec—Vss 
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Driver (on-chip) 
LC7940 /7941/7942 
LC7940 /7941/7942 
MSM5839/5238 
LC7940/7941/7942 
LC7940/7941/7942 
HD61200/61203 
LC7940/7942 
LC7940/7942 
HD61104/61105 
MSM5839/5238 
LC7940/7942 
HD61100/61103 
LC7940/7942 
LC7940/7942 
HD61104/61105 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 


MSM5298/5299 


MSM5298/5299 
MSM5298/5299 . 
MSM5298/5299 


MSM5298/5299 
MSM5298/5299 
LC7940/7942 
LC7940/7942 
LC7940/7942 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
MSM5298/5299 
HD66107T 


HD66107T 


LM258XB 
LM300XM 
LM213XB 
LMCG6390Q0HGR 
LMG6392QHFR 
LM238XB 
LMG6410PLGR 
LMG6412PLFR 
LM246X 
LM211XB 
LM211XMC 
LM2115XB 
LMG6250ULGR 
LMG6252ULFR 
LM266XW 
LM280X 
LMG6270XNGR 
LMG6272XNFR 


LMG6273XNFR 


LMG6280XNGR 
*LMG6282XNFR 


LMG6283XNFR 
LMG6111XTFR 
LMG6150XUFR 
LMG6391 OHGE 
LMG6411PLGE 
LMG6251ULGE 
LMG6271XNGE 
LMG6281 XNGE 
LMG6171XTBE 
LMG6173XTFE 
LMG6151XUFE 
LMG6221 XUFE 
LM721XBNP 
LMG6160XTFC 
LMG6371XTBC 
LMG6471XTFC 
LMGS5040XUFC 
LMG5060XUFC 
LMG9O50ZZFC 


LMG9040ZZFC 
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LCD Module Line Up 
Character Display LCD Module | 
} | Effective 
Screen Size Module Size Screen Size aie 
| (Char.x Line) | Color (mm) wh (mm) (mm) | Duty Cycle 


umossfex1 Gray —«(B8x4ax12mx. —«ferx16.8 _[6.45x9.4 
LMO15 80x 36x 12max. 64.5x13.8 3.15x5.5 





























Recommended 
Voltage 


ve 


1/8 
1/8 


LM027 12636 x 12max. 100x 13.8 3.16x7.9 | 1/11 
H2571 174.5x33x13.4max. |132.5x14 3.15x7.9 | 1/11 
H2572 182 35.5% 13max. 154.0x15.3 |3.15x7.9 11/11 










twos. |zox2 ~~‘ | itexsexiamex[eaxiee  [aaxacs 


moss —«izoxt—~«d@my ‘| teaxas sxiamen  [tseoxtes [evxoe [ve 
imos2xwet [20x2 ‘(Newey [116xa7x10.6ne  [esxiee  [s2xees [ie 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Character Display LCD Module (with LCD backlight) 


Note: Parentheses indicate ViEp. 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
+5 
+5 
+5 
+5 










Segment-Type LCD Module 
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LCD Module Line Up 


fo 
En owen 
En Ce CC 
Ec Coe Cc 
Cc Coe Cc 
Ec Coe CC 
Ee aC 
En oe CC 
foie co —noewreo orn 
is 
— 
is 
. 
fe 
is 
is 
is 
















HD44780 LMO58 
HD44780 LMO52L 







HD44780 LMO16L 





HD44780 LMO16XMBL 






HD44780 — | LUMO32L 






so _~( wowavao iMOSoxMBL 
so _~([ woaa7e0 LMo6ot 
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